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LEAF  DAMAGE  IN  DICOTYLEDONS 


[Following  1 3  a  translation  of  a  French-language  book  by  A. 
I'ison  entitled  Memolres  de  lalspclete  Llnneenne  de 
Normandie  (Reports  of  the  Llnnaean  Society  of  Normandy), 
Caen,  Vol  XX,  1899-1901,  pages  125-327.] 


Introduction 

Most  of  the  trees  in  the  countries  in  our  area  lose  their  leaves 
each  year  In  the  fall;  this  is  a  rather  striking  phenomenon  which  has 
never  failed  to  attract  the  attention  of  botanists.  However,  as  we  shall 
see  in  the  historical  review  of  this  topic,  there  are  very  few  authors 
who  covered  this  subject  specially  and  scientifically;  those  authors  who 
did  write  about  the  subject  did  so  in  a  rather  incomplete  fashion  and 
their  conclusions  do  not  agree.  Most  of  them  confined  themselves  to  a 
more  or  less  detailed  study  of  a  specific  case  and  to  a  suninary  of  the 
observations  reported  on  other  individuals. 

On  the  basis  of  the  differences  of  opinion  found  in  the  works  of 
these  authors,  we  concluded  that  we  actually  have  very  little  information 
on  this  topic  and  that  a  detailed  study  of  numerous  individuals,  primarily 
from  the  anatomic  viewpoint  and  checked  over  several  successive  year3, 
would  be  necessary  in  order  to  understand  this  phenomenon  fully.  With  this 
purpose  in  mind  we  undertook  the  research  project  contained  in  this  report. 

The  study  we  are  presenting  here  today  is  therefore  primarily  an 
anatomic  study  of  the  changes  which  occur  in  the  foliar  (leaf)  pulvinus 
[pulvinus  folli]  before  and  after  the  leaves  fall;  as  its  title  indicate*, 
our  study  involves  only  the  dicotyledons  with  deciduous  leaves.  We  thus 
confined  the  study  of  the  phenomenon  to  those  species  where  it  occurs 
periodically  and  regularly. <  |A  similar  study  for  species  with  persistent 
(indeclduoua)  leaves  would  i|hdoubtedly  be  very  interesting  at  least  for 
purposes  of  comparison;  we  expect  to  undertake  such  a  study  later  on. 

In  order  to  learn  more  about  the  mechanism  Involved  in  the  falling 
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of  the  leaves  in  autumn,  we  thought  that  it  would  not  be  enough  to  examine 
the  region  of  separation,  by  itself,  before  the  leaf  falls  and  each  of  the 
two  surfaces  of  dehiscence  afterwards;  we  thought  that  it  would  be  necessary 
to  study  the  operations  involved  in  separation  from  life,  in  other  words, 
to  observe  it  at  the  very  moment  when  this  separation  takes  place.  However, 
the  extreme  ease  with  which  the  petiole  is  separated  from  the  stem  under 
these  conditions  constitutes  a  major  obstacle  to  the  longitudinal  sections 
required  for  such  observations;  besides,  in  each  of  the  cases  studied,  we 
tried  —  by  trial  and  error  and  by  making  many  tests  --  to  obtain  samples 
in  which  the  detachment  of  the  leaf  has  already  been  partly  begun  but 
where,  nevertheless,  the  petiole  was  still  sufficiently  attached  to  enable 
us  to  make  longitudinal  sections  without  isolating  it  from  the  leaf  pulvinus. 

On  the  other  hand,  we  were  quite  aware  that  we  had  to  adhere  to  the 
natural  conditions  of  defoliation;  we  therefore  always  protected  our  specimens 
from  the  tree,  without  artifiqfclly  hastening  the  fall  of  the  leaf  by  putting 
detached  branches  in  a  box,  as  was  done  by  some  of  the  predecessors. 

We  did  not  take  any  species  of  glass  house  plants;  we  concentrated 
on  individuals  freely  growing  in  the  Botanical  Garden  of  the  city  of  Caen, 
around  the  Botanical  Laboratory.  In  addition,  we  chose  our  species  from 
among  the  largest  possible  number  of  genera  and  families. 

Since  it  had  been  found  that  the  fall  and  cicatrization  of  the  folioles 
on  the  complex  leaves  revealed  the  characteristics  of  leaf  cells,  although 
on  a  small  scale  and  with  not  as  much  constancy;  we  therefore  believed  that 
we  should  include  a  study  of  these  folioles  after  we  studied  the  leaves; 
this  second  study  will  therefore  be  found  in  the  second  part  of  this  report. 

The  research  project  contained  in  this  report  was  conducted  at  the 
Botaniccl  Laboratory  of  the  School  of  Sciences  of  Caen  under  the  very  kind 
over  all  direction  of  Professor  0,  Lignler. 


[Cf.  Table  of  Contents,  pages  163-166,  below,] 
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Historical  Review 
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The  assumptions  made  by  the  first  authors  who  discussed  the  fall 
of  leaves  were  more  or  less  unfortunate.  Many  of  them  based  their  state¬ 
ments  on  simple  outward  appearance  or  on  excessively  superficial  observa¬ 
tions.  Botanists  did  not  begin  to  try  the  explanation  of  this  phenomenon 
by  observing  the  anatomical  aspects  until  around  the  halfway  point  in 
this  C 19th]  century. 

In  1758,  du  Hamel  (du  Hamel  du  Monceau  (Henri -Loui s) ,  Physique  des 
arbres  (Physical  Structure  of  Trees),  Paris,  Guerin  and  Delatour,  1758, 
Vol  I,  page  129)  found  two  causes  for  the  falling  of  the  leaves.  He 
believes  that  there  is,  at  the  base  of  the  petioles,  a  layer  which  always 
remains  herbaceous  and  which  is  incapable  of  tolerating  the  cold  weather 
during  the  winter.  He  also  thought  that  the  leaf  stops  growing  as  a 
result  of  its  great  perspiration  while  the  stem  continues  to  grow;  this 
results  in  a  tension  which  breaks  the  fibers  connecting  the  leaf  to  the 
atam. 


Later  on,  Mustel  (Mustel,  Tralte  theorlque  et  pratique  de  la  vegeta¬ 
tion.  Paris,  Leboucher,  1781,  Vol  I,  page  109)  came  up  with  the  following 
rather  astonishing  theory.  In  autumn,  the  leaves  are  full  of  sap  as  a 
result  of  the  lack  of  transpiration  so  that  the  sap  moves  up  the  stem 
since  it  can  no  longer  find  any  room  in  the  leaf  itself;  this  results  in 
a  very  strong  pressure  against  the  base  of  the  leaf  and  as  a  result  the 
leaf  falls  off. 

According  to  Murray  (Murray,  Johann,  Opuscule  I,  Goettingen, 
Dieterich,  1785,  page  138),  it  is,  on  the  contrary,  the  lack  of  sap  which 
causes  the  leaves  to  die  and  which  then  causes  them  to  fall  off;  he  believes 
that  the  pressure  exerted  by  the  bud  against  the  axilla  of  the  leaf  pre¬ 
vents  the  sap  from  reaching  it. 

In  the  opinion  of  Vrolick  (Vrolick,  Gerard,  Dissert,  de  defoliation 
vegetabi llum. , , .  Lugduni  Batavorum,  Long-Koop,  1796,  6  pages),  the  leaves 
complete  their  lifetime  cycle  at  a  given  time.  They  fall  because  they 
die  quite  normally  or  because  they  die  prematurely  as  a  result  of  heat, 
cold,  or  diseases. 

According  to  this  author,  the  fall  of  the  leaves  is  caused  by  the 
resorption  of  a  portion  between  the  dead  leaf  and  cne  living  tissue  of  the 
pulvlnus,  with  the  resorbed  portion  belonging  to  the  latter. 

In  the  beginning  of  this  century  [19th],  Link  (Link,  Heinrich 
Krlttschc  Bemerkungen  und  Zusaetre  tu  Karl  SprenRels,  Werk:  uber  den  Bau 
und  die  Natur  de r  Ccvaechae.  Halle,  Kummel,  1612,  page  5l)  thought  that 
he  could  find  the  explanation  of  the  fall  of  the  leaves  in  the  anatomic 
constitution  of  the  base  of  the  petiole.  In  his  opinion,  the  tissue  of 
the  latter  end  the  tissue  of  the  stem  are  interrupted  by  a  regie*  in  which 
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the  cells  have  a  direction  different  from  that  of  these  two  organs:  he 
added  that  the  leaf  is  separated  in  this  region  but  he  did  not  indicate 
how  this  separation  takes  place.  Several  years  later,  du  Petlt-Thouabs 
(du  Petit-Thouars,  Hlstolre  d*un  morceau  de  bois,  Paris,  1815,  page  136) 
picked  up  the  theory  of  du  Hamel  according  to  which,  as  we  saw  earlier, 
the  tissues  linking  the  leaf  to  the  stem  are  torn  as  a  result  of  the 
growth  in  the  diameter  of  the  stem. 

In  1821,  Vaucher  (Vaucher,  Memoires  de  la  Soc.  de  Phys.  et  d'Hist. 
nat,  de  Geneve.  Vol  I,  1821,  page  120),  thought  that  he  could  find  the 
cause  of  the  fall  of  the  leaves,  as  did  Link,  in  a  special  disposition  of 
the  tissues  at  the  base  of  the  petiole.  According  to  him,  the  latter  is 
separated  from  the  stem  by  a  parenchyma  which  maintains  their  continuity 
so  long  as  it  is  full  of  sap;  but  the  continuity  ends  as  the  parenchyma 
dries  out  and  is  altered.  In  addition,  he  thought  that  the  f ibro-vasculnr 
systems  of  the  two  organs  were  not  perfectly  continuous  but  were  separated 
from  each  other  by  a  parenchymatous  suture. 

About  2  years  later,  Schultz  (Schultz;  Karl ,  Die  Natur  der  lebendlgen 
Pflanze,  Berlin,  Reimer,  1823,  Vol  I,  page  128),  thinking  along  similar 
lines,  believed  that,  on  the  level  of  the  articulation  of  the  petiole,  the 
superposed  elements  of  the  wood  and  of  the  inner  bark  wall  meet  on  the 
same  plane,  on  whose  level  they  then  gradually  are  separated  from  each 
other,  thus  no  longer  permitting  the  circulation  of  liquids. 

De  Candolle  (de  Candolle  (Aug.  Pyr.),  Organographle  vegetale,  Paris, 
1827,  Vol  I,  page  133)  explained  the  fall  of  the  leaves  by  the  presence, 
at  the  base  of  the  petiole,  of  a  layer  of  cells  which  dry  out  and  which 
are  separated  from  the  neighboring  layer;  the  phloem- ligneous  system  is 
then  torn  off  following  this  separation. 

Treviranus  (Treviranus,  Christian,  Physlologle  der  Gewaechse,  Bonn, 
Mercus,  1835-1838,  Vol  I,  page  435,  Vol  II,  page  216),  like  some  of  his 
predecessors,  thought  that  he  could  find  a  rather  particular  feature  in 
the  structure  at  the  base  of  the  petiole.  In  his  opinion,  the  cell  tissue 
here  is  always  a  little  heterogeneous  and  this  arrangement  blocks  the  circu¬ 
lation  of  the  sap  as  the  vital  activity  of  the  leaf  drops.  The  different 
cell  masses  are  thus  no  longer  kept  together  by  the  unity  of  their  vital 
tendency  and  they  separate  from  each  other. 

In  1839,  Schacht  (F'hacht,  Hermann,  Lehrbuch  der  Anatom! e  und 
Physlologle  der  Gewaechse.  Berlin,  Muller,  1859,  Vol  II,  page  136),  guided 
by  more  complete  anatomical  knowledge,  saw  the  cause  of  the  fall  of  leaves 
in  the  delayed  changed  occurring  at  their  base.  According  to  this  authcr, 
the  death  and,  consequently,  the  fall  of  the  leaf  a^e  caused  by  the  rather 
delayed  establishment  of  a  cork  across  the  base  of  the  petiole;  this  cork 
stops  the  circulation  of  sap  between  the  stem  and  the  leaf. 

In  1860,  Mohl  (Mohl,  Hugo,  vor;,  "On  the  ^oatooical  Changes  in  the  Leaf 
Joint  which  cause  the  Leaf  to  rail,"  Bart.  Zeit.  i860,  pages  1  and  9  ) 
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published  a  work  on  the  falling  of  leaves  which 
Is  considered  as  a  classical  treatise  on  this  subject.  He  starts  hla 
report  with  a  very  well  documented  historical  review  of  work  dons  until 
1360.  (By  the  way,  we  were  able  to  learn  of  the  opinions  of  Musi. el,  Murray, 
Vrollck,  Link,  Schultz  and  Treviranus  only  after  reading  this  hi  ttorlcal 
review  by  Mohi.) 

Mohl  more  specifically  studied  the  case  of  Gymnodadus  canadensis. 

He  found  that,  on  4  October,  there  is  a  thick  cork  *unning  across  the  node 
of  the  petiole;  this  cork  establishes  a  clear  separation  between  the  petiole 
and  the  stem.  The  author  notes  that  the  cells  of  the  pulvlnus,  located 
above  this  cork  layer,  are  very  clearly  distinguished  from  those  of  the 
petiole  by  their  reduced  size;  he  further  points  out  that  a  portion  of  this 
tissue  with  rather  small  cells,  adjoining  the  cork,  has  a  brown  color, 
indicating  the  beginning  of  the  death  of  the  leaf;  he  used  the  term  "rund- 
zelllge  Schichte"  [round-cell  layer]. 

According  to  Mohl,  the  separation  of  the  leaf  occurs  above  this 
region,  inside  a  stratum  consisting  of  two  layers  of  cells  which  are  trans- 
versally  partitioned;  he  calls  this  the  "Trennungsschichte"  [separating 
stratum].  This  stratum  is  quite  clearly  distinguished  from  the  rest  of 
the  pulvinus  by  all  of  the  characteristics  of  a  very  strongly  vegetative 
tissue.  The  author  says  that  the  separation  of  the  organ  occurs  without 
resorption  of  tissues  as  the  cells  of  this  stratum  are  loosened  and  thus 
separates;  but  he  does  not  give  any  indications  as  to  how  this  separation 
takes  place. 

in  the  opinion  of  Mohl,  the  leaf  bundles  cross  the  cork  and  the 
stratum  of  round  cells  without  undergoing  any  change. 

Following  the  study  of  Gymnocladus  canadensis,  the  author  rapidly 
reviews  the  ocher  species  which  he  studied.  In  all  cases  he  reports  the 
presence  of  the  separating  stratum,  partitioned  like  a  cork,  but  existing 
here  only  for  the  purpose  of  separating  the  leaf  and  not  serving  for  pro¬ 
tection  here.  He  also  finds  that  the  transversal  cork  nf  the  base  of  the 
petiole  does  not  exist  in  all  cases  and  he  indicates  the  species  in  which 
he  has  found  this  to  be  so  and  the  species  in  which  he  did  not  find  this. 

In  this  work  by  Mohl,  we  dc  not  get  any  indiration  as  to  wh ' happens 
to  the  scar  and  to  the  leaf  pulvlni  after  the  leaves  fail.  The  author 
reported  on  this,  as  -  ...at  ter  of  fact,  in  an  earlier  work  (Mohl,  Hugo,  von, 
"On  the  Proceas  of  Cicatrization  in  Plants,"  Bot.  Zclt.  (Botanical  Journal), 
1849,  No  36).  In  this  work  he  points  out  that,  during  the  first  years 
following  the  fall  of  the  leaf,  the  cicatrization  cork  exists  in  all  pulvlni 
and  that  it  runs  even  across  the  phloem- ligneous  bundles.  According  to 
him,  the  thalli  of  the  vessels  are  transformed  into  cork  altar  the  dissolu¬ 
tion  of  the  vescuiar  walls. 
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We  would  like  Co  point  out  another  report  by  Mohl  (Mohl,  Hugo,  von, 
"On  the  Separation  Process  in  Succulent  Plant  Organs,"  Bot,  Zelt.. 

Vol  XVIII,  1860,  page  273)  which,  no  to  speak,  follows  the  preceding  one. 

Here  the  author,  among  other  things,  studied  the  artificial  disar¬ 
ticulation  of  leaves  and  folloles  on  detached  branches  kept  under  condi¬ 
tions  in  which  their  desiccation  occurs  very  slowly;  he  wanted  to  find 
out  whether  there  is  some  relationship  between  this  disarticulation  and 
that  of  the  leaves  in  autumn. 

For  this  purpose,  Mohl  clipped  the  branches  of  various  plants  in 
a  tin  box'  the  air  in  this  tin  box  was  kept  humid.  He  observed  that  a 
separating  layer  would  form  more  or  less  belatedly  at  the  base  of  the 
leaves  anc  the  folloles;  this  separating  layer  was  similar  to  the  separating 
layers  found  in  autumn  and  acted  in  the  same  way;  it  differed,  howeve.,  pri¬ 
marily  by  the  complete  absence  or,  shall  we  say,  the  rather  small  amount 
of  starch  in  its  cells.  The  author  furthermore  pointed  out  that,  in  dis¬ 
articulations  of  this  kind,  there  is  never  any  formation  of  periderm,  at 
the  base  of  the  organ,  such  as  he  had  reported  it  earlier  in  the  case  of 
the  autumn  fall  of  many  leaves. 

In  1871,  Mr,  Wiesner  (Wiesner,  J.,  "Investigations  on  the  Autumn 
Defoliation  of  Ligneous  Plants,"  Sltz.  d,  K.  Akad.  d.  Wissensch,  zu  Wien, 
1871,  pages  465  and  509),  reviewed  the  study  of  the  fall  of  leaves 
especially  from  the  physiological  viewpoint  and  devoted  almost  all  of 
his  work  to  the  scudy  of  the  action  of  transpiration  on  the  fall  of  the 
leaves.  We  studied  the  question  personally,  primarily  and  almost  exclu¬ 
sively  from  the  anatomical  viewpoint;  we  will  then  fore  use  only  the  ana¬ 
tomical  portion  of  the  results  presented  by  this  author. 

Like  Mohl,  Mr.  Wiesner  confirms  the  existence  of  a  separating 
layer  in  all  cases;  however,  he  does  not  give  any  indication  as  to  its 
constitution.  In  his  opinion,  likewise,  the  leaf  breaks  off  as  a  result 
of  the  loosening  of  the  cells  of  (from)  the  separating  layer,  without  any 
change  in  their  walls.  He  explains  this  loosening  in  the  light  of  the 
dissolution  of  the  intercellular  substance  under  the  action  of  the  crganic 
acids;  to  ••".pport  this  statement,  he  mentions  the  fact  that  he  observed 
that  the  yellowisi  leaves  have  a  mere  acid  reaction  than  the  green  leaves. 

Mr.  Wiesnor  does  not  agree  with  Mohl  when  the  latter  says  that  the 
leaf  bundles  are  not  modified  on  the  level  of  the  petiole  node.  In  his 
opinion,  these  bundles  undergo  a  reduction  of  volume,  in  autumn,  down  to 
the  level  where  the  separating  layer  will  form  and  this  helps  the  fall  of 
the  leaf  by  reducing  its  asplrstory  strength. 

During  the  following  year,  Legcganck  (Ledeganck,  K.,  "Histochemiesl 
Research  on  the  Autumn  Fell  of  Leaves,"  Bull,  de  la  Soc,  roy ,  dt  Bot.  da 
Belgique.  Vol  X,  1872,  pagea  133  end  167)  took  up  thle  theory  again  and 
developed  it  even  though  Mohl  had  demolished  the  theory  of  Schachc  by 
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announcing  that  the  cork  might  be  absent  before  the  fall  of  uhe  leaf  at 
the  base  of  the  petioles.  He  sees  the  predisposing  cause  for  the  fall 
of  the  leaves  in  the  development  of  a  peridermic  layer  across  the  base  of 
the  leaf  and  he  sees  its  actual  cause  in  the  action  of  the  cold  weather 
which  causes  the  two  to  become  loosened  by  unequally  retaining  -he  empty 
and  spongy  tissue  at  the  base  of  the  petiole  and  the  peiidermic  layer; 
the  wind  or  any  other  mechanical  cause  then  brings  about  the  separation. 

The  author  reports  that  he  observed  about  100  specier  but  he  confines 
himself  to  describing  only  the  observations  made  on  about  a  dozen  of  them, 

Ledeganck  distinguishes  two  types  of  suberification  at  the  base  of 
the  petioles:  suberification  by  layers,  when  the  periderm  forms  an  inter¬ 
rupted  layer  only  upon  the  (to  the)  passage  of  the  bundles;  diffuse  suberi¬ 
fication,  when  the  transformation  occurs  slowly  as  a  result  of  the  deposit 
of  suberous  matter  in  the  cavity  of  3ome  of  the  cells.  As  an  example  for 
the  latter  way  of  suberification,  the  author  gives  the  cpse  of  Quercus  robur; 
now,  we  can  say,  as  of  this  moment,  that  the  cells,  which  he  describes  as 
possessing  a  deposit  of  suberous  matter  in  their  interior,  are  sclerites. 

We  will  have  occasion  to  come  back  to  this  later. 

Mr.  Mer  (Mer,  M.E.,  "Vegetative  Phenomena  Preceding  or  Accompanying 
the  Decay  and  Fall  of  Leaves,"  Soc.  Bot.  de  France.  Vol  XXIII.  1876,  page  176) 
studied  the  phenomenon  of  the  fall  of  leaves  only  from  the  physiological 
viewpoint.  This  author  concentrated  primarily  on  the  disappearance  of  starch 
from  the  leaves  prior  to  their  fall  and  their  change  in  coloring. 

Brettfeld  (Brettfeld,  "On  Cicatrization  and  the  Fall  of  Leaves," 
Pringshelm's  Jahrbucher.  Vol  XII,  page  133)  studied  the  fall  of  leaves  in 
monocotyledons  only;  however,  since  our  research  does  not  cover  this  area, 
we  will  give  the  results  of  his  work  because  of  their  importance.  According 
to  the  author,  the  separating  layer,  in  the  monocotyledons,  contrary  to 
what  happens  in  the  case  of  the  dicotyledons,  forms  at  a  time  when  the 
tlcsues  are  only  very  little  differentiated;  this  also  happens  at  u  time 
when  the  base  of  the  leaf  i3  in  full  growth.  During  that  time,  the  tissues 
of  the  pulvlnus,  located  below  the  base,  become  sclerified  and  very  often 
grow  to  three  times  their  normal  thickness.  The  author  does  not  describe 
the  mechanism  of  the  separating  layer. 

The  sclerified  layer  of  the  pulvinus  may  later  on  increase  twofold 
by  the  addition  of  a  periderm  (monocotylsdones  arborescentes ,  Aroideae)  or 
by  the  addition  of  a  layer  of  fibrous  reticulated  cells  (Orchidaceae) . 

According  to  Brettfeld,  the  f i bro-^ascular  cords  are  not  involved 
in  the  cicatrization  of  the  wound  and  they  are  crushed  by  the  periderm. 

In  a  short  note  about  2  years  earlier.  Van  Tieghem  and  Guignard 
(Van  Tleghcm,  Ph.,  and  Guignard,  L.,  "Observations  on  the  Mechanism  ot  the 
Fall  of  Leaves,"  Bull,  dt  la  Soc,  Bot,  de  France.  Vol  XXIX,  1802,  page  312), 
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gave  new  information  on  the  mechanism  involved  in  the  fall  of  leaves. 

These  authors  did  not  study  this  phenomenon  at  the  time  of  autumn  defolia¬ 
tion;  they  studied  it  during  the  summer,  in  the  month  of  July,  causing 
leaves  to  fall  from  detached  branches;  these  branches  had  been  kept  in 
an  enclosed  space  saturated  with  humidity. 

Van  Tieghem  and  Guignard,  like  Mohl,  studied  the  case  of  Gymnocladus 
canadensis  not  only  from  the  viewpoint  of  the  fall  of  the  leaves  but  also 
from  the  viewpoint  of  the  folioles. 

As  regards  the  latter,  they  found  that  there  is  only  one  separating 
layer  forming  at  their  base  and  that  this  layer  developes  through  the  par¬ 
titioning  (subdivision)  of  one  cell  layer,  repeated  two  or  three  times. 
According  to  these  authors,  there  is  never  any  cicatrizati  bo low  the 
wound,  that  is,  neither  before  or  after  the  fall  of  the  foliole. 

At  the  base  of  the  leaves  of  the  same  species  they  found  that,  in 
addition  to  the  separating  layer,  there  develops  —  at  a  rather  early 
stage,  around  the  middle  of  June  --  a  suberous  layer  which  is  increased  on 
the  inside  by  a  periderm;  this  double  armor  involves  the  bundles  here; 

(this  suberous  layer  is  the  layer  which  Mohl  called  the  "round-cell  layer"; 
Mohl,  by  the  way,  was  not  aware  of  the  cicatricial  function  of  this  layer). 

As  far  as  the  function  of  the  separating  layer  is  concerned,  these 
two  authors  advance  an  opinion  that  differs  from  that  expressed  by  botanists 
earlier.  According  to  them,  there  is  a  resorption  of  the  middle  layer  in 
this  stratum  which  divides  it  into  two  leaflets  whose  cells  become  roundish 
and  grow  toward  each  other  until  they  meet;  after  that  they  exert  pressure 
against  each  other  and  mechanically  follow  the  leaf  after  the  vessels,  the 
sieve-like  tubes,  and  the  fibers  have  been  broken. 

Following  this  study  of  Gymnocladus  canadensis,  the  authors  did  a 
summary  of  other  cases  in  a  few  lines.  They  tell  us  that,  before  the 
fall  of  the  leaf,  there  can  develop  only  a  single  portion  in  the  double 
armor  existing  in  the  case  of  Gymnocladus;  in  other  words,  this  would 
be  either  the  suberous  strata  or  the  periderm.  Similarly,  there  may  not 
be  any  cicatrization. 

Mr.  Staby  (Staby,  Ludwig,  Ueber  den  Verschluss  der  Blattnarben  nach 
Abfallen  der  Blaettsr.  Inaugural  Dissertation,  Berlin,  29  July  1885)  ™ 

studied  only  the  cicatrization  of  the  wound  caused  by  the  fall  of  the 
leaves.  He  points  out  the  cicatrization  of  the  vessels  by  means  of  gum 
from  the  wound  and,  in  certain  cases,  by  the  thalli.  In  his  opinion,  the 
only  cicatrization  tissue  here  would  be  the  periderm  and  he  does  not 
mention  any  of  the  other  cicatricial  strata  pointed  out  by  Van  Tieghem 
and  Guignard. 

Mr.  Staby  gives  us  some  indications  on  the  focus  of  the  appearance 
of  the  periderm  in  the  leaf  pulvinua;  he  then  gives  us  some  examples  In 


which  this  periderm  forms  before  and  other  examples  in  which  it  forms 
after  the  fall  of  the  leaf. 

The  author  found  that  the  periderm,  in  all  cases,  runs  across  the 
entire  pulvlnus  at  the  end  of  the  2nd  year,  except  in  genus  Quercus  where 
it  appears  only  during  the  3rd  year. 

For  Mr.  Staby,  the  phloem  cords  are  not  traversed  by  the  periderm. 

In  addition,  this  author,  in  contrast  to  the  opinion  expressed  by  Mohl, 
does  not  say  that  the  thalll  are  transformed  into  cork  after  the  dissolu¬ 
tion  of  the  vascular  walls.  He  does  not  except  the  idea  of  the  strangula¬ 
tion  of  these  bundles,  and  as  Brettfeld  indicated.  In  his  opinion,  the 
vessels  are  broken  and  the  periderm  grows  across  them  through  the  prolifera¬ 
tion  of  the  neighboring  cells  between  their  distant  extremities. 

The  latest  general  research  which,  as  far  as  we  know,  has  been  pub¬ 
lished  on  the  fall  of  the  leaves  is  the  research  by  Mr.  MOlisch  (MOlisch, 

Dr.,  Hans,  "Investigations  on  the  Fall  of  Leaves,"  Site,  d,  K,  Akad.  d. 
Wlssench.  zu  Wien.  Vol  XCIII,  1886,  page  148). 

This  author  devotes  most  of  his  work  to  physiology:  the  action  of 
transpiration,  of  temperature,  of  humidity,  and  of  light  in  the  pherernnon 
of  the  fall  of.  leaves.  The  anatomical  part  is  very  short  but  it  nevertheless 
Includes  some  very  interesting  results. 

Like  Mr.  Wiesner,  Mr.  MOlisch  observed,  in  certain  leaves,  a  con- 
tracion  of  the  leaf  bundles  on  the  level  of  the  surface  of  detachment  but 
he  notes  that  this  exists  at  all  times. 

He  finds  that,  at  the  moment  the  leaf  falls,  there  may  develop  a 
periderm  or  some  lignlfiod  layers.  Depending  en  the  particular  case, 
these  layers  are  either  only  the  stratum  with  the  round  cells  or  they 
constitute  only  a  zone  of  cells  located  above  the  separating  stratum, 
or  they  constitute  both  of  them  together  at  the  same  time.  The  author 
goes  into  great  detail  on  the  Conifera  which  we  did  not  touch. 

With  respect  to  the  operation  of  the  separating  stratum,  Mr.  MOlisch 
recalls  the  opinion  expressed  by  Mr.  Van  Tieghem  and  Mr.  Guignard  on  the 
resorption  of  a  cell  layer;  he  adds  that  he  wanted  to  observe  this  phenom¬ 
enon  in  the  different  species  of  dicotyledons  but  that  he  always  arrived 
at  a  negative  result.  The  author  always  found  the  cells  of  the  separating 
stratum  to  be  perfectly  intact. 

Mr,  MiJllsch  did  not  make  any  observations  on  the  mechanism  of  separa¬ 
tion;  on  the  basis  of  his  comparison  with  the  ordinary  mechanism  of  cell 
separation  in  vegetables,  he  maintains  that  the  middle  layer  of  cells  in 
the  separating  stratum  is  dissolved;  this  dissolution  occurs  through  the 
flrMrm  of  t-h®  gum  ferment  w'lici;  had  been  discovered  by  Mr,  Winner  a  short 
time  before  his  research  projects  (Wiesner,  J.,  "Cn  Gum  Ferment,"  Sltz,  d. 
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K.  Akad.  d.  Wlssench.  zu  Wien.  Vol  92,  1885,  page  41).  The  author  says, 
in  effect,  that  he  found  this  ferment  to  be  present  in  a  larger  quantity 
in  the  cells  of  the  separating  stratum  than  in  the  rest  of  the  pulvinus. 

In  addition  to  these  general  works  on  this  topic  which  we  are  dealing 
with  here,  we  might  also  mention  the  names  of  a  few  authors  who  incidentally 
touched  one  or  the  other  part  of  our  subjects  here. 

Mr.  Strasburger  (Strasburger,  E,,  Manuel  technique  d*anatomle 
vegeta le.  French  translation  by  J.  Godfrin,  Paris,  Savy,  1886,  page  168) 
studied  the  fall  of  leaves  in  the  case  of  Aesculus  Hippocastanum  and  found 
that  there  is,  in  this  case,  before  the  leaf  falls,  a  periderm  growing 
across  the  base  of  the  petiole  to  the  exclusion  of  the  bundles.  The 
author  adds  that  the  separation  of  the  leaf  occurs  within  a  separating 
stratum  situated  above  this  periderm.  According  to  him,  the  vessels  of 
the  leaf  scars  are  compressed  by  the  cells  of  the  periderm  which  later 
on  closes  the  wound  completely. 

Mr.  Lignier  (Lignier,  0,,  "Research  on  the  Comparative  Anatomy  of 
Calycanthaceae,  Melastomaceae,  and  Myrtaceae,"  Arch,  bot.  du  Nord  de  la 
France,  Vol  III,  1886-1887,  page  128)  devotes  a  few  lines  to  the  study 
of  the  fall  of  leaves  in  the  case  of  Calycanthus  occidentalis.  The  author 
finds  that  a  suberous  layer  developes  at  the  base  of  the  petiole  prior  Co 
defoliation;  this  suberous  layer  has  numerous  partitions;  the  latter  develop 
in  the  cortical  parenchyma  and  in  all  of  the  elements  of  the  bundles.  The 
author  defines  the  position  of  the  separating  layer  but  he  does  not  indicate 
how  it  functions. 

Quite  recently,  in  two  communications  addressed  to  the  Academy  of 
Sciences  (Tison,  A,,  "On  the  Fall  of  Leaves  and  the  Cicatrization  of  the 
Wound,"  Comptes-rendus  de  l'Acad.  des  Sc.,  19  June  1899;  id.,  "On  the 
Cicatrization  of  the  Fascicular  System  and  That  of  the  Secretory  Apparatus 
During  the  Fall  of  Leaves,"  Comptes-rendus  de  l'/.cad.  des  Sc.,  10  July 
1899),  I  summarized  the  principal  results  of  the  research  projects  men¬ 
tioned  in  this  work. 

Even  more  recently,  Mr.  Fouilloy  (Fouilloy,  Edm,,  "On  the  Fall  of 
Leaves  of  Certain  Monocotyledons,  Revue  generale  de  Botanique,  Vol  XI, 

1899,  page  306),  studied  the  fall  of  leaves  in  several  genera  of  mono¬ 
cotyledons  with  thick  and  deciduous  leaves.  Like  Brettfeld,  whom  I  men¬ 
tioned  earlier,  this  particular  author  says  that  the  separating  layer 
differs  quite  clearly  by  the  smallness  of  its  cells  in  tl.'*  neighboring 
tissues  and  he  points  out  that  it  is  differentiated  at  a  very  early  stage, 
long  before  the  leaf  falls.  The  wound  is  protected  by  the  lignifled  layers 
below  the  zone  of  separation. 
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PART  I 


i 


FALL  OF  LEAVES  AND  CICATRIZATION  OF  THE  WOUND 

This  first  part  of  my  work  will  be  devoted  to  a  study  of  che  anatom¬ 
ical  phenomena  which  precede  and  follow  the  fall  of  the  leaves,  until  the 
completion  of  the  cicatrization. 

Because  of  the  wide  variety  of  these  phenomena  in  the  various 
species,  I  thought  that  it  might  be  best  to  select  a  few  types  and  to  study 
them  in  detail  in  the  first  chapter  and  then  to  summarize  quickly  all  of 
the  other  cases  which  I  examined,  grouping  them  in  other  chapters,  depending 
on  their  greater  or  lesser  resemblance  tp  the  species  considered  to  be 
typical. 


Chapter  1.  Anatomical  Study  of  the  Fall  of  Leaves  and  the  Cicatrization  in 
a  Few  Selected  Types 

1st  Type.  Arlstolochla  Slpho  L’Herlt 

The  petiole  of  Aristolochia  Sipho  is  almost  cylindrical  in  its  middle 
portion  and  has  a  swelling  or  a  bulge  at  its  base.  It  is  inserted  into  the 
stem  above  this  bulge,  around  an  area  abundantly  covered  with  hair;  the 
median  line  of  this  area  is  occupied  by  four  buds  which  are  increasingly 
developed  as  we  go  from  the  interior  toward  the  exterior,  in  other  words, 
as  we  go  from  the  bottom  to  the  top.  The  outermost  three  buds  are  located 
in  a  conical  cavity  in  the  bulge  of  the  petiole;  the  first  two  buds  are 
thus  completely  hidden  while  the  third  one  is  only  partly  hidden;  this 
latter  one,  on  the  side  of  the  stem,  closes  the  entrance  to  the  cavity  of 
the  petiole.  The  fourth  bud,  usually  slightly  detached  from  the  other 
three,  is  ir.  the  open  air. 

At  the  base  of  the  adult  leaf  --  before  any  changes  leading  to  its 
fall  —  the  cells  of  the  cortical  parenchyma  are  all  of  the  same  shape 
and  of  the  same  differentiation  as  those  of  the  petiole  and  the  stem  but 
they  are  not  as  large,  their  growth  along  the  diameter  being  somewhat 
smaller;  in  addition,  the  intercellular  channels  here  are  either  entirely 
absent  or  they  are  excessively  reduced  in  size.  The  transition  from  this 
area  to  the  cortical  parenchyma  of  the  stem  and  to  that  of  the  petiole  is 
almost  imperceptible. 

The  leef  bundles  here  are  three  in  number.  At  the  base  of  the 
petiole,  these  three  bundles  are  reduced  to  roughly  half  with  respect  to 
volume  (Figure  1)  and  with  respect  to  the  number  of  elements. 

At  this  level  only  the  vessels  of  the  primary  and  secondary  wood 
are  lignified;  the  latter  are  elongated  and  have  a  very  small  diameter; 
the  phloem  is  composed  only  of  the  sieve-like  tubes,  the  mate  cells,  and 
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the  phloem  parenchyma.  In  all  cases  I  found  a  complete  absence  of  ligneous 
fibers,  phloem  fibers,  and  lignified  parenchyma.  As  for  the  sclerous  phloem 
(Is,  Figure  1),  which,  further  up  and  further  down,  Is  partly  composed  of 
fibers  and  elongated  cells,  I  might  say  that  it  disappears  rather  abruptly 
a  little  above  the  base  of  the  petiole  and  then  reappears  a  little  below, 
in  the  pulvinus. 

In  its  lower  portion,  the  petiole  thus  reveals  the  largest  possible 
reduction  of  the  supporting  tissue,  thus  offering  a  region  of  lesse”  resist¬ 
ance  at  that  point.  This  arrangement  is  very  good  for  the  movement  of  the 
leaf  but  at  the  same  time  it  is  also  the  place  where  the  leaf  <^an  break  off. 

The  reduction  of  the  phloem-ligneous  leaf  system  at  the  base  of  the 
petiole,  contrary  to  what  Mr.  Wiesner  (loc.  cit.,  page  105)  believed  and  as 
Mr,  Mtfliseh  (loc.  cit.,  page  178)  stated,  exists  during  the  entire  vegeta¬ 
tive  period  of  the  leaf;  it  thus  doe3  not  occur  after  the  event,  sometime 
before  its  fall  and  as  preparation  for  this  fall,  as  the  first  of  these 
two  authors  thought.  The  bundles  in  this  region,  as  in  all  of  the  other 
tissues  of  the  petiole,  simply  turned  out  to  grow  much  less  than  anywhere 
else  and  there  is  less  lignif icatlon  here. 

The  separation  occurs  primarily  at  the  base  of  the  petiole,  a  little 
above  the  insertion  of  the  leaf.  The  first  phenomenon  preceding  the  defolia¬ 
tion  is  the  increase  in  the  density  of  the  protoplasm  in  tha  parenchyma  of 
the  pulvinus.  This  region,  moreover,  is  rich  in  chlorophyll  and  it  is 
indicated  on  the  outside  by  a  green  coloration  which  contrasts  increasingly 
with  that  of  the  rest  of  the  petiole,  as  the  lattsr  becomes  more  and  more 
yellow;  I  will  therefore  call  this  region  the  "green  region"  hereafter. 

The  cells  with  the  dense  protoplasm,  which  constituted,  include  only  very 
little  starch;  on  the  other  hand,  there  is  much  starch  in  the  tissues  in 
the  region  below  the  pulvinus. 

While  this  protoplasm  activity  takes  place  at  the  base  of  the  petiole, 
we  can  observe  the  beginning  of  the  obstruction  of  the  vessels  in  the  bast- 
ligne'us  leaf  system  by  the  thalli.  These  latter  penetrate  in  large  numbers 
into  all  of  the  vessels  of  the  primary  wood  and  very  rarely  into  those  of 
the  secondary  wood.  They  ire  abundant  primarily  in  the  base  of  the  petiole 
but  they  occur  not  only  on  this  level;  the  vessels,  in  effect,  are  more  or 
less  completely  obstructed  by  these  cell  proliferations,  to  a  very  great 
distance  from  the  petiole,  and,  above,  in  the  pulvinus,  all  the  way  to  the 
point  where  the  bundles  re-enter  the  caulinary  bast-ligneous  system. 

In  the  large  spiral  and  spotted  vessels,  the  thalli  penetrate  through 
many  points  at  the  same  time;  they  become  roundish  in  their  interior  and 
grow  rapidly;  turough  reciprocal  pressure,  they  are  very  closely  intertwined 
with  each  other.  The  wslls,  which  have  thus  been  formed,  become  level  and 
their  direction  is  highly  variable;  as  a  result  all  of  the  thalli  together 
simulate  a  parenchyma  Inside  the  vessel.  In  those  vessels  with  the  smallest 
diameter,  the  thalli  penetrate  at  more  elongated  points,  advancing  toward 
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each  other  and  intertwining  their  free  ends,  end-to-end;  their  separating 
walls  in  this  case  are  perfectly  transversal  and  simulate  the  partitions 
of  the  vessel.  All  of  these  thalli  also  push  their  walls  very  close  to 
those  of  the  vessels,  fitting  into  all  of  their  raiseu  and  depressed  por¬ 
tions;  finally,  they  often  are  partitioned  off  again  in  their  interior. 

Initially  very  thin,  the  walls  of  the  thalli  gradually  become  thicker 
and  finally  have  the  same  thickness  as  those  of  the  parenchymatous  cells 
on  which  they  depend.  These  thalli  do  not  reveal  any  bordered  pits,  such 
as  we  have  them  in  most  of  those  that  developed  along  the  old  vessels  in  the 
stems;  these  essentially  are  obstructing  cells.  Through  their  point  of 
penetration,  contact  is  maintained  between  them  and  the  cells  which  formed 
them. 


The  development  of  the  thalli,  as  well  as  the  increase  in  the  density 
of  the  protoplasm  at  the  base  of  the  petiole  begins  about  3  weeks  before  the 
fall  of  the  leaf.  When  the  thalli  fill  the  vessels  of  the  primary  wood  com¬ 
pletely,  they  slow  down  the  circulation  of  the  liquids  in  these  elements; 
as  of  that  moment,  the  vitality  of  the  leaf  decreases  rapidly. 

There  is  no  other  change  in  the  elements  of  the  bundles  before  the 
fall  of  the  leaf,  except  for  the  apperance  of  calluses  in  the  sieve-like 
tubes  in  this  region,  as  elsewhere  in  all  of  those  throughout  the  rest  of 
the  plant. 

The  leaf  becomes  more  and  more  yellow  as  its  vitality  decreases 
and  the  cells  of  the  petiole  die  from  its  top  down  toward  the  base.  During 
this  time,  a  layer  in  the  upper  portion  of  the  green  region  assumes  increas¬ 
ingly  individual  characteristics  in  the  sense  that  the  protoplasm  here 
becomes  denser  than  anywhere  else;  this  is  the  separating  stratum  which 
in  this  case  is  reduced  to  a  single  layer  of  cells. 

This  separating  stratum  developes  precisely  in  the  region  of  least 
resistance  of  the  bundles,  at  the  level  of  th  ir  contracted  portion.  It 
had  a  perfectly  level  surface,  running  quite  noticeably  perpendicular  to 
the  direction  of  the  petiole  which  it  traverses  throughout  its  entire  width 
(cs.  Figure  1).  Its  Internal  border  Is  situated  a  little  above  the  axil¬ 
lary  angle  of  the  leaf. 

While  the  separating  stratum  developes  individual  characteristics 
in  the  fashion  just  described,  we  find  that  the  tissue  of  the  petiole, 
above  and  opposite  it,  changes  the  nature  of  its  walls  which  become  ligni- 
fied  withouc  increasing  in  thickness  and  which,  from  then  on,  very  9trcngly 
fix  the  coloring  substances  of  lignin  (atrnoniacal  fuchsin,  phloroglucin, 
etc. ) . 


The  region  thus  lignified  includes  one  or  more  layers  of  cells;  it 
reaches  its  maximum  thickness  on  the  inside  of  the  petiole  and  it  decreases 
as  we  approach  its  outside  (rs).  Very  clearly  outlined  in  its  lower  portion 
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by  the  separating  stratum  and  very  definitely  set  off  against  the  latter, 
it  becomes  smaller  and  smaller  as  we  move  upward.  Sometimes  the  lignifica- 
tion  also  extends  across  the  bundles,  at  the  expense  of  their  originally 
cellulose  elements,  including  here  the  thalli;  at  other  times,  however, 
this  development  Is  very  weak.  Henceforward  we  will  use  the  term  "sub- 
cicatricial  lignified  stratum"  in  referring  to  this  stratum. 

This  is  the  condition  of  the  articulation  (nodes)  of  the  petiole 
a  short  time  before  the  leaf  falls. 

The  separating  layer  begins  to  function  only  a  few  days  before 
the  separation  of  the  leaf  as  such.  Sometimes  we  first  of  all  have  a  few 
subdivisions  throughout  the  entire  region  between  the  three  entering  bundles 
and  a  point  halfway  along  them,  but  this  only  happens  here.  Then  the  cells 
of  this  layer  grow  primarily  longitudinally;  this  growth  involves  a  very 
small  portion  of  their  longitudinal  walls,  situated  generally  in  their 
upper  portion,  in  the  vicinity  ot  the  lignified  region  of  the  petiole 
(cs,  Figures  2  and  3).  As  the  longitudinal  growth  is  further  accentuated, 
the  cell  wall  becomes  very  thin  in  its  region  of  growth  and  it  finally 
appears  to  consist  only  of  the  primary  membrane.  The  cellulose  portion  of 
the  wall  of  the  epidermal  cells,  which  are  a  part  of  the  separating  layer 
here,  also  undergoes  this  elongation,  after  the  break  of  the  cuticle  and 
the  cuticular  strata  (m.  Figure  3). 

The  longitudinal  growth  of  the  cells  of  the  separating  layer  tends 
to  remove  the  base  of  the  petiole  from  the  pulvinus.  Only  the  leaf  vessels 
resist  this  action  and  are  not  elongated.  Their  resistance  and  the  move¬ 
ments  of  the  leaf  first  of  all  cause  a  folding  of  the  thinning  walls  of 
the  separating  stratum  but  the  growth  of  the  cells  of  this  stratum  and  their 
turgescence,  aided  by  those  of  the  thalli  at  the  same  level,  still  growing, 
very  quickly  cause  the  ligneous  vessels  to  break  as  a  result  of  this  trac¬ 
tion  (tension).  The  leaf  is  then  held  only  by  the  delicate  walls  of  the 
separating  layer;  thus  its  weight,  which  i3  tremendous  when  compared  to 
the  weak  resistance  of  these  walls,  suffices  to  break  the  connection  grad¬ 
ually  and  the  leaf  then  falls. 

The  wind  is  another  one  of  the  most  powerful  agents  in  the  fall  of 
leaves;  it  can  certainly  cause  the  leaf  to  fall,  all  by  itself,  even  before 
the  resisting  elements  of  the  bundles  have  been  broken  completely  by  the 
action  of  the  separating  layer.  Frost  is  also  a  very  powerful  agent  in 
the  fall  of  leaves,  at  least  when  the  separating  layer  has  arrived  at  a 
point  in  its  development  where  its  walls  have  become  very  thin.  It  seems 
probable  that  this  latter  factor  takes  effect  by  more  or  less  rapidly 
inflating  the  turgescence  water  in  the  cells  of  the  separating  stratum  and 
perhaps  even  by  freezing  the  content  of  those  cells  which  are  near  the  sur¬ 
face  of  the  petiole;  in  other  words,  this  factor  would  thus  promote  the 
breaking  of  the  last  resisting  elements.  The  leaf,  now  more  or  less  com¬ 
pletely  isolated  from  the  pulvinus,  is  heated  as  it  is  struck  by  the  first 
rays  of  the  sun;  it  becomes  defrosted  and  then  falls  because  of  its  own 
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weight.  This  is  why,  in  the  last  days  of  October,  when  the  separating 
layers  are  fully  active,  the  slightest  frost  will  separate  a  large  number 
of  leaves. 

Defoliation  generally  takes  place,  in  the  case  of  Aristolochia  Sipho, 
during  the  second  half  of  October.  Normally,  if  the  external  agents  do  not 
abruptly  cause  the  leaves  to  break  off,  it  will  usually  be  the  oldest  leaves, 
that  is  to  say,  those  at  the  base  of  the  growth,  which  will  fall  first. 

Since  the  separating  stratum  is  not  very  far  from  the  insertion  of 
the  leaf,  the  leaf,  when  falling,  leaves  only  a  very  small  pulvinus  on  the 
stem.  The  fresh  scar  has  a  clear  green  color  due  to  the  chlorophyll  which 
contains  the  immediately  subjacent  parenchyma.  It  has  the  shape  of  the 
insertion  of  the  petiole,  that  is  to  say,  the  shape  of  a  horseshoe  (ci,  Fig¬ 
ure  4),  where  the  two  ends  and  the  middle  are  considerably  thicker  while 
the  two  intercalated  branches,  on  the  other  hand,  are  very  narrow  and  almost 
straight.  In  the  three  thickened  regions  we  have  the  three  navels  of  the 
leaf  bundles  (cif,  Figure  4).  Thes i  do  not  have  any  raised  or  depressed 
portions  since  the  bundles  break  off  at  the  level  of  the  separating  stratum; 
nevertheless,  they  are  quite  clearly  indicated  by  their  coloration  which 
is  paler  than  that  of  the  rest  of  the  scar. 

The  space  between  the  branches  of  the  scar  is  occupied  by  the  three 
lower  buds  which  were  protected  by  the  petiole.  These  three  buds  are  some¬ 
times  very  clearly  separated,  at  least  at  the  top,  and  at  other  times  very 
close  to  each  other;  in  the  latter  case,  the  three  of  them  together  consti¬ 
tute  a  single  conical  protrusion.  The  fourth  bud  is  found  all  by  itself 
between  the  ends  of  -he  horseshoe  and  a  little  above.  This  entire  group 
together,  that  is,  the  buds  and  the  area  between  the  branches  of  the  scar, 
has  a  rather  silvery  and  chatoyant  (changeable  color)  appearance  due  to 
the  long  hairs  covering  it;  on  the  stem,  all  of  this  constitutes  a  swelling 
or  bulge  which  becomes  increasingly  marked  as  the  latter  grows  oblique  to 
its  lower  direction  at  the  level  of  the  insertion  of  the  leaves. 

Earlier  we  saw  that  the  wound,  produced  by  the  leaf  as  it  fa1 Is, 
was  not  protected  in  any  way  against  external  agents.  At  least,  thare  i3 
no  defense  of  a  histological  nature,  no  defense  in  the  way  of  ligni f‘ cation 
or  suberlf ication,  since  the  tissues  remain  cellulosic  and  do  not  reveal 
any  apparent  changes.  We  did  not  find  any  defenses  of  a  chemical  nature, 
such  as,  for  example,  the  presence  of  organic  acids,  tannin,  etc.  But 
the  greater  vitality  of  the  cells  of  the  pulvinus,  which  are  completely 
filled  with  protoplasm  perhaps  constitutes  a  system  of  provisional  defense 
until  the  subsequent  changes  which  come  rather  quickly  and  which  we  are 
going  to  describe  shortly.  The  resistance  of  a  tissue  to  desiccation 
and  invasion  by  inferior  organisms  is,  as  a  matter  of  fact,  related  to  the 
turgescence  and  to  the  vitality  of  this  tissue. 

At  the  surface  of  the  near  wc  find  the  remnants  of  the  thin  walls 
that  have  been  broken  off  the  separating  stratum.  The  primary  veaaels  have 
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already  been  filled  (obstructed)  by  the  thalli;  but  these  thalli  still 
have  cel iulosic  walls,  like  the  cells  from  which  they  are  derived;  the 
sieve-like  tubes  are  obstructed  by  calluses. 

The  wound  remains  in  this  condition  for  a  long  time  and  cicatriza¬ 
tion  begins  several  days  after  the  leaf  has  fallen.  At  that  time  we  can 
observe  a  gradual  change  in  the  cell  wall;  this  change  occurs  in  the  tissues 
of  the  leaf  pulvinus  and  there  is  no  further  subdivision  or  partitioning; 
the  ceil  walls  are  at  that  time  impregnated  with  lignin  and  suberin.  In 
addition,  the  cells  are  emptied  and  die  off  as  this  change  in  the  walls 
progresses.  In  this  manner  we  can  observe  the  establishment  of  a  ligno- 
suberous  cicatricial  layer  below  the  surface  of  the  wound. 

(In  true  earlier  notes  I  used  the  term  "sclero-suberous"  to  indicate 
these  tissues.  Recent  research  and  a  more  complete  knowledge  of  the  facts 
have  caused  me  to  drop  this  term  and  to  use,  instead,  the  term  "ligno- 
suberous";  this  term  indicates  more  orecisely  the  presence  of  lignin  and 
suberin  and,  moreover,  indicates  the  deposit  of  these  substances  independ¬ 
ently  of  the  nature  of  the  tissues  in  which  they  are  found.  Hereafter, 
therefore,  we  will  use  the  term  "sclerous”  to  refer  —  among  the  tissues 
which  have  lignified  walls  --  to  those  whose  walls  are,  in  addition,  more 
cr  less  thickened.) 

This  ligno-suberization  does  not  appear  in  any  particular  place. 
Generally,  however,  it  is  found  in  the  lower  portion  of  the  thin  strip  or 
layer  (lamina)  and,  opposite  the  bundles,  where  it  shows  up  first;  very 
often,  also,  it  appears  in  many  places  at  the  same  time.  As  this  transfor¬ 
mation  is  further  accentuated,  the  surface  of  the  scar,  initially  clear- 
green,  becomes  a  little  brownish.  A  similar  brown  coloration  visible  around 
the  pulvinus  indicates  the  thickness  of  the  ligno-suberous  lamina  and  shows 
that  it  is  larger  opposite  the  three  navels;  its  lower  boundary  is  quite 
clearly  indicated  and  is  found  almost  at  the  level  of  the  axillary  angle 
(the  line  H,  Figure  1,  indicates  this  border). 

Histological  Study  of  the  Ligno-suberous  Cicatricial  Stratum 

The  coloring  substances  common  to  lignin  and  suberin  (iodine-con¬ 
taining  reagents  of  cellulose  (Mangin,  L.,  "On  the  Iodine-containing 
Reagents  of  Cellulose,"  Bull.  He  la  Soc.  bot,  de  France,  Vol  35,  1888, 
page  421),  ammoniacal  fuchsin,  green  of  iodine,  etc.)  stain  all  of  the 
walls  of  this  stratum;  here  they  reveal  a  very  strong  impregnation 
especially  in  its  lower  portion,  gradually  diminished  toward  the  surface 
of  the  scar,  however,  without  teaching  it.  Above  the  debris  of  the  latter, 
we  have,  in  effect,  two  or  three  layers  of  cells  which  remain  ceilulosic 
and  which  latet  on  become  flatter'd  at  the  surface  of  the  scar;  hereafter 
we  will  refer  to  them  by  the  name  of  "sacrificed  parenchyma." 

The  special  reagents  of  lignin  (Wiesner  reaction  (Wirsner,  J., 

"Note  on  Behavior  of  Phloroglucin  and  So, me  Related  Substances  to  the 
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Lignified  Cell  Membranes,”  Sitz.  d,  K.  Akad,  d.  Wissench.  zu  Wien,  Vol  77, 
page  60),  indole,  and  sulfuric  acid  (Niggl,  "Indole  --  a  Reagent  for  Ligni¬ 
fied  Membran>res."  Flora,  1881,  page  545),  aniline  aulfate,  aniline  hydro¬ 
chloride,  etc.)  indicate  the  presence  of  this  substance  in  the  entire 
cicatrization  lamina.  Here  it  completely  impregnates  the  thickness  of 
the  walls,  except  in  the  immediate  vicinity  of  the  cell  cavities  where 
the  strata  do  not  appear  co  fix  these  reagents  in  the  same  fashion;  never¬ 
theless,  the  indications  thus  furnished  are  not  sufficiently  clear  in  them¬ 
selves.  On  the  other  hand,  the  special  coloring  substances  of  suberin 
(tincture  of  "alcanna"  [alkane,  alkannin],  treatment  by  ammoniacal  colors 
followed  by  washing  in  water  acidulated  by  1/1U  sulfuric  acid  (Tiscn,  A., 
"New  Method  of  Coloration  of  Suberous  Tissues,"  Assoc,  franc,  pour  l*avan- 
cement  des  sciences,  Boulogne  Congress,  1899),  etc.)  vaguely  indicate  the 
presence  of  this  substance  in  the  strata  of  the  walls  which  border  on  the 
cell  cavities  without,  however,  enabling  us  to  determine  the  location  pre¬ 
cisely. 


In  order  to  determine  the  position  of  these  two  incrusting  substances 
in  the  cell  membranes  of  the  cicatrization  lamina  with  certainty,  we  had 
to  use  a  new  method  which  13  much  more  precise  than  the  earlier  methods; 
we  have  always  been  able  to  use  this  new  method  with  great  success  while 
the  others  turned  out  to  be  completely  inadequate. 

Our  method  consists  in  determining,  first  of  all,  on  a  control  sec¬ 
tion,  the  double  impregnation  of  the  tissues  by  means  of  ammoniacal  fuchsin 
or  by  means  of  iodine-treated  reagents;  then  we  treat  the  other  sections 
by  means  of  the  solvents  of  lignin  so  as  to  retain  only  the  suberin  and 
so  as  to  be  able  to  study  them  afterward  in  order  to  determine  the  location 
of  the  latter  (suberin). 

The  process  of  dissolution  of  lignin,  which  I  found  to  be  the  easiest 
here,  involves  treatment  with  boiling  Javel  water  for  several  minutes  or, 
better  still,  with  cold  Javel  water,  stirring  several  days.  The  sections 
must  be  treated  in  this  fashion,  by  one  of  these  methods,  until  the 
ammoniacal  fuchsin  no  longer  stains  all  of  the  vessels;  they  are  then  very 
carefully  washed  because  their  walls  are  still  more  or  less  swelled 
(inflated)  and  have  been  rendered  very  brittle  by  this  treatment,  espe¬ 
cially  when  we  used  boiling  Javel  water. 

The  reagents  for  lignin  are  then  no  longer  fixed  on  any  part  of  the 
section.  On  the  other  hand,  iodine-containing  phosphoric  acid  completely 
colored  the  walls  of  the  vessels  blue  and,  in  the  rest  of  the  section,  it 
also  creates  a  blue  color  through  almost  the  entire  thickness  of  the  ceil 
membranes,  particularly  in  the  case  of  those  which  earlier  did  t‘x  the 
coloring  substances  of  lignin.  There  is  only  a  very  thin  surface  stratum 
which,  alter  this  treatment,  appears  more  or  less  sinuous  inside  each 
cell  and  which  is  stained  yellow,  as  before.  It  is  also  on  this  thin 
surface  stratum  --  and  to  the  exclusion  of  the  entire  rest  of  the  walls  -- 
that  ammoniacal  fuchsin  and  the  special  coloring  substances  for  suberin. 
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In  summary,  v>»at  we  have  said  so  far  indicates  that  the  cells  of 
the  pulvlnus,  which  serve  to  make  up  the  cicatrization  lamina,  llgnify  -- 
without  thickening  --  the  cell  walls  which  they  have  at  the  time  the  leaf 
falls  (scl.  Figure  5)  and  that  they  than  cover  thorn  with  a  thin  new  layer 
which  Is  immediately  suberized  (sub,  Figure  5).  The  epidermal  cells  included 
in  the  thickness  of  the  cicatrization  lamina  under  o  absolutely  identical 
changes  although  they  remain  covered  on  the  outsidt  by  be  cuticle  and  the 
cuticular  layers  (ep.  Figure  5). 

The  thickness  of  the  thin  internal  suberous  film  is  quite  noticeably 
the  same  in  all  of  the  cells  in  the  cicatricial  lamina.  The  intensity  of 
lignification,  on  the  other  hand,  is  quite  variable.  As  in  tne  case  of 
the  lignified  region,  which  we  pointed  out  above  the  separating  stratum, 
this  intensity  is  very  great  at  the  base  of  the  cicatricial  lamina  and  it 
decreases  gradually  as  we  go  up  so  that  it  may  very  often  be  entirely 
absent  in  the  cells  in  its  upper  portion  which  from  that  point  onward  are 
specialized  only  by  virtue  of  the  existence  of  the  suberous  film. 

Because  of  the  double  impregnation  of  the*r  cell  membranes  by  lignin 
and  suberin  we  called  these  cicatrization  tissues  "ligno-suberous  strata 
or  lamina,”  a  term  which  is  more  precise  than  the  term  "suberous  strata" 
which  was  used  by  Mr.  Van  Tieghem  and  Mr.  Guignard  (loc.  cit.,  page  314) 
and  the  term  "lignified  strata"  given  by  Mr.  Mfilisch  (loc.  cit.,  page  177). 


The  process  of  cicatrization  in  the  leaf  bundles  is  the  same  as  in 
the  cortical  parenchyma;  nevertheless,  ligno-suberization  reaches  them 
only  at  the  very  last;  it  is,  moreover,  nore  intensive  here  and  the  lower 
limit  of  *\ie  modified  tissue  here  defends  a  little  lower,  forming  a  slight 
curve  toward  the  stem  (I  used  dotted  line  H,  in  Figure  l,  in  indicating 
the  lower  limit  of  this  cicatrization  lamina).  All  of  the  bundle  elements, 
except  the  vessels  and  the  3iev< -like  tubes  which  I  talked  aoout  earlier, 
thus  llgnify  their  walls  (scl.  .^ure  6)  and  are  then  covered  by  a  suberous 
film  (sub,  Figure  6).  The  thalli,  situated  on  the  level  of  the  cicatriza¬ 
tion  lamina,  are  modified  like  the  parenchyma  of  the  bundle  of  which  they 
are  nothing  more  than  an  appendage  (dependents)  (th,  Figure  6). 

After  the  fall  of  the  leaves  and  before  their  ligno-aubenzation, 
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these  thalli  often  manage  to  dislocate  the  vessels  in  the  region  in  which 
the  cicatricial  [scar]  stratum  forms;  they  do  this  by  virtue  ef  their 
growth  and  their  reciprocal  pressure.  When  the  spacing  of  the  broken 
portions  of  the  vessels  is  not  as  great  —  which  happens  more  frequently 
--  these  vessels  continue  in  the  same  prolongation;  in  the  opposite  case  ' 
they  are  mote  or  less  pushed  back,  a  little  bit  in  all  directions,  beyond 
their  original  axis. 

The  vessels  of  the  secondary  wood  which,  as  we  said  earlier,  usually 
do  not  have  any  thalli,  are  cicatrized,  after  defoliation,  by  the  deposit 
of  a  substance  which  completely  fills  their  cavity  although  this  happens 
only  at  the  level  of  the  cicatrization  layer  (lig,  Figure  6).  This  sub¬ 
stance  is  also  found  in  the  cavity  of  the  vessels  that  do  have  thalli 
when  the  vessels  are  not  contiguous  with  each  other;  as  for  the  thalli 
themselves,  they  never  contain  this  substance.  Later  on  we  will  study 
this  blocking  substance  in  detail  as  we  go  into  the  following  type  where 
it  is  found  in  great  abundance. 

In  some  of  the  vessels,  the  walls  do  not  change  at  all.  At  the 
leval  of  the  cicatrization  lamina,  the  sieve-like  tubes  have  more  or  less 
iignified  walls  but  they  never  have  the  suberous  film  inside  (ter,  Figure  6) 
and  they  are  almost  more  or  less  crushed  by  the  neighboring  cells.  Neither 
in  the  case  of  Ari stolochia  Sipho  nor  in  the  other  species  studied  later 
on  did  I  ever  discover  the  presence  of  thalli  indicated  by  Mr.  Van  Tieghem 
and  Mr.  Guignard  (loc.  cit.{  page  312). 

Within  the  cicatrization  stratum  we  have  elements  other  than  the 
sieve-like  tubes  and  the  vessels  in  which  the  internal  suberous  film  is 
also  absent;  these  are  the  rare  macled  cells  which  are  quite  scattered. 
Could  not  the  absence  of  the  suberous  covering  film,  inside  the  vessels, 
the  sieve-like  tubes,  and  the  crystal-bearing  cells  be  due  to  the  fact 
that  these  elements  are  dead  at  the  moment  of  differentiation  of  the 
cicatricial  stratum?  The  lignin  which  impregnates  the  wall  of  the 
sieve-like  tubes  and  of  the  crystal-bearing  cells  would  here  appear  to 
have  been  deposited  by  the  diffusion  of  the  one  that  produced  the  neigh¬ 
boring  celts.)  Like  the  wall  of  the  sieve-like  tubes,  their  wall  is 
more  or  less  Iignified  rs  is  the  thin  envelope  which  surrounds  the 
crystal  ar.d  the  few  points  connecting  it  to  the  wail  (cr.  Figure  5). 

In  general,  the  cicatrization  which  we  have  just  indicated  is  the 
only  one  which  one  can  observe  during  the  first  year  (we  count  the  years 
between  two  successive  repetitions  or  recoveries  of  vegetation).  The 
majority  of  the  pulvini  thus  have  nothing  more  than  a  li gno-suberous 
lamina  to  protect  them  through  the  winter. 

Sometimes,  however,  some  pulvini,  generally  those  at  the  base  of 
the  growth,  complete  the  preceding  cicatrization  with  the  establishment  -- 
bt low  the  li gno-suberous  lamina  --  of  a  generating  zone  which,  before  the 
winter,  produces  just  a  few  layers  of  cork  which  always  have  chin  walls. 
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This  generating  zone  is  formed  at  the  expense  of  the  cells  of  the  pulvinus 
which  are  in  direct  contact  with  the  ligno-suberous  lamina  and  by  the  sub¬ 
divisions  parallel  to  the  lower  limit  of  that  lamina;  these  subdivisions 
or  partitions  begin  in  the  internal  region  of  the  pulvinus  and  rapidly  grow 
toward  its  outside. 

Across  the  bundles,  the  generating  zone  is  established  at  the  expense 
of  their  living  elements.  The  sieve-like  tubes  are  never  partitioned;  they 
are  first  of  all  crushed  by  the  cells  of  the  generating  zone;  then  they  are 
broken  due  to  the  growth  of  the  cork  which  grows  continuously  between  their 
distant  ends.  The  same  is  true  of  the  secondary  vessels  although  they  rup¬ 
ture  a  little  later  and  break  without  being  crushed  earlier. 

In  the  vessels  of  the  primary  wood,  on  the  level  of  the  zone  that 
generates  the  cork,  the  thalli  are  always  numerous  and  very  dense.  Their 
fate  is  the  same  as  that  of  the  other  parenchymatous  cells  on  the  same 
level;  in  other  words,  they  grow  longitudinally  and  they  are  partitioned 
transversally  (thp,  Figure  7),  Under  the  double  action  of  this  growth 
of  thalli  in  their  interior  and  the  cells  bordering  on  the  generating  zone 
on  their  outside,  the  primary  vessels  are  thus  usually  broken  in  several 
points  that  are  very  close  to  each  other;  their  fragments,  as  well  as  their 
ornamentations,  are  more  or  less  dispersed.  The  thalli  then  become  closely 
intertwined  with  the  neighboring  generating  cells  and  establish  the  conti¬ 
nuity  of  the  cicatricial  cork,  becoming  involved  in  its  composition.  Some¬ 
times  the  thalli,  which  are  thus  involved  in  the  make  up  of  the  corx,  are 
more  or  less  flattened  by  che  neighboring  cells  which  grow  faster  than  they 
do  (c.  Figure  7).  It  may  also  happen  --  although  this  is  quite  rare  -- 
that  some  thalli  on  that  level  do  not  participate  in  the  formation  of  the 
cork  and  the  continuity  of  the  latter  is  then  established,  across  the 
vessel  containing  them,  in  the  same  fashion  as  across  the  secondary  vessels. 

The  cicatricial  cork,  like  the  lower  limit  of  the  iigno-subeirous 
lamina  which  it  follows,  in  traversing  the  bast-ligneous  bundles,  describes 
a  more  or  less  pronounced  curve  toward  the  stem  (lie.  Figure  b).  We  will 
come  back  to  this  special  feature  later  on. 

Although  the  crystal-bearing  cells  are  located  at  the  level  where 
the  zone  that  creates  the  cork  is  developed,  they  do  not  subdivide  and  they 
do  not  become  involved  in  the  proposition  of  this  zone;  this  zone  then 
passes  b:iow  them. 

Although  it  appears  from  the  1st  year  onward,  the  cork  only  becomes 
thicker  during  the  second  year;  in  the  many  cases  in  which  it  does  not 
exist  at  that  time,  however,  it  begins  to  form  always  in  the  spring  of  the 
second  year;  its  position  is  otherwise  the  same,  below  the  first  cicatri¬ 
zation  lamina.  The  formation  of  its  generating  zone  also  begins  in  the 
axillary  angle  of  the  pulvinus  and  is  propagated  in  the  same  fashion  across 
the  cortical  parenchyma  and  the  bundles. 
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In  all  cases,  the  cicatrization  by  means  of  this  cork  is  completed 
at  the  end  of  the  2nd  year  (lie,  Figure  8)  and  its  thickness  is  then, 
on  the  average,  10-12  layers  of  cells.  It  ends  against  the  surface  of  the 
leaf  pulvinus,  all  around  it,  and  sometimes  slightly  descends  again  downward; 
contrary  to  what  we  observed  in  the  periderm  of  the  stem  (I  always  use  the 
term  ’’periderm"  to  designate  particularly  the  cork  of  the  stem,  using  the 
term  "cork"  as  such  for  the  secondary  cicatricial  suberous  tissue)  which 
appeared  only  later  and  at  the  expense  of  the  subepi dermal  layers  (Douliot, 
H.,  "Research  on  the  Periderm,"  Ann,  des  Sc,  nut.  'Bot.,  7th  series, 

Vol  X,  page  232),  it  is  frequently  in  the  epiaerm  itself  that  it  developes 
in  the  vicinity  surrounding  the  pulvinus. 

Earlier  1  said  that  the  cicatricial  cork  curves  a  little  toward 
the  stem  while  crossing  the  bundles  (lie,  Figure  8).  Mr.  Staby  (loc.  cit., 
page  19),  who  pointed  out  this  deviation  in  a  certain  number  of  cases, 
attributes  this  to  the  presence  of  wound  gum  (this  is  the  obstructing  sub¬ 
stance  which  I  pointed  out  earlier)  inside  the  vessels;  by  making  the 
bundles  resistant,  this  gum  would  appear  to  force  the  generating  zone  to 
go  around  the  fascicular  region  in  which  it  is  located  so  as  to  take  hold 
further  down,  at  a  level  at  which  the  gum  no  longer  exists  or  at  least  at 
a  level  where  it  is  no  longer  very  reoistant. 

In  the  course  of  this  work  we  will  see  that  this  deviation  in  the 
cicatricial  cork  layer  occurs  in  most  of  the  cases;  but  the  explanation, 
given  by  Mr.  Staby,  although  quite  acceptable  at  first  sight,  did  not  appear 
satisfactory  to  me.  As  a  matter  of  fact,  in  many  species  where  the  wound 
gum  is  almost  absent  or  in  those  species,  as  in  the  present  case,  where  it 
is  found  in  a  very  small  quantity,  the  cork  similarly  describes  a  curve 
downward.  But  there  is  more  to  this;  there  are  other,  opposite  cases, 
where  the  gum  does  exist  in  the  vessels  up  to  a  more  or  less  great  distance 
below  the  primary  cicatrization  stratum  and  where  the  cork  grows  no  less 
directly  across  the  bundles,  without  curving.  The  mistake  made  by  Mr.  Staby 
is  due  to  the  fact  that  he  fails  to  take  into  consideration  the  ligno- 
suberlzation  of  the  tissues  of  the  pulvinus  which  he  does  not  even  mention; 
in  his  opinion,  the  cork  is  the  only  cicatricial  tissue.  As  a  matter  of 
fact,  in  all  of  the  cases  in  which  I  observed  this  inflection  in  the  cica¬ 
tricial  cork  toward  the  stem,  across  the  leaf  bundles,  I  always  recognize 
on  the  one  hand,  that,  as  in  the  case  of  Aristolochia  Sipho,  the  ligno- 
suberous  differentiation  here  descended  lower  in  the  leaf  scar  than  in  the 
neighboring  cortical  parenchyma  and,  on  the  other  hand,  that  the  trans¬ 
formation  of  the  cells  of  the  parenchyma  into  ligno-suberous  cells  was  here 
followed  by  their  death  and,  furthermore,  that  it  afterward  rendered  them 
incapable  of  constituting  a  generating  zone.  Now,  this  is  why,  in  my 
opinion,  the  cicatricial  cork  in  certain  cases  curves  downward:  not  being 
able  to  grow  across  the  ligno-suberous  tissue,  which  is  a  dead  tissue, 
it  mutt  go  around  the  deviations  in  its  lower  surface. 

In  the  case  of  Aristolochia  Sipho  it  might  also  happen  --  although 
of  course  very  rarely  and  only  opposite  the  three  fascicular  navels  -- 
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that  the  first  layers  formed  by  the  cork  generating  zone  under  the  primary 
cicatricial  lamina  are  not  suberized,  as  the  following  ones,  but  grow  con¬ 
siderably  along  a  longitudinal  direction,  in  the  fashion  of  the  layer  con¬ 
stituting  the  autumn  separating  stratum.  As  in  the  case  of  the  latter, 
the  delicate  walls  of  these  layers  break,  more  or  less  regularly,  however; 
this  results  in  a  partial  exfoliation  of  the  first  cicatricial  lamina. 

This  phenomenon  is  quite  obviously  closely  related  to  other  more  regular 
and  better  characterized  phenomena  which  we  will  study  in  one  of  the 
following  chapters  and  which  I  have  given  the  name  "revival  of  cicatriza¬ 
tion"  (Tison,  A,,  "On  the  Fall  of  Leaves  and  the  Cicatrization  of  the 
Wound,"  C.  R.  de  l*Acad,  des  Sc.,  19  June  1899). 

2nd  Type.  Amorpha  fruticosa  L. 

On  its  inside  face  and  very  near  its  point  of  insertion,  between  its 
two  short  and  sharp  stipules,  the  base  of  the  leaf  reveals  a  very  large  con¬ 
traction  above  which  it  is  swollen  (P,  Figure  9). 

As  in  the  case  of  A.istolochia  Sipho,  the  cortical  parenchyma  -  at 
the  base  of  the  leaf  --  is  made  up  of  cells  that  are  a  little  smaller  than 
the  cells  of  the  rest  of  the  petiole  and  those  of  the  cortical  parenchyma 
in  the  stem.  The  circle  formed  by  the  leaf  bundles  becomes  slightly  flat 
above  the  insertion  of  the  petiole,  at  the  point  where  it  is  swollen,  and 
is  here  constricted,  on  the  right  and  on  the  left,  forming  three  groups 
of  incoming  bundles,  the  middle  one  of  which  is  larger  than  the  other  two. 
The  total  volume  of  these  bundles  is  here  much  less  reduced  than  in  the 
preceding  species;  it  roughly  has  the  same  size  as  in  the  rest  of  the  organ. 
Nevertheless,  here  likewise  the  only  lignified  elements  are  the  vessels; 
similarly,  the  external  part  of  the  bast,  which  is  sclerous  above  and  below 
this  region  (Is,  Figure  9),  becomes  cellulosic  here.  At  the  level  where 
the  separating  stratum  will  develop,  the  external  region  of  the  bast  is  thus 
.soft;  here  we  can  still  observe  some  fibers  but  they  are  rather  rare  here 
and  they  are  cellulosic,  like  the  rest  of  the  tissue. 

To  avoid  any  future  repetitions,  we  might  say,  as  of  this  point,  that 
the  absence  of  the  hard  bast  and  the  ligneous  fibers  turned  out  to  be  the 
general  rule,  at  the  base  of  the  petioles,  in  all  of  the  many  cases  which 
we  studied.  Similarly,  at  this  level  there  are  never  any  bast  fibers  in 
the  secondary  bast  and  the  situation  is  almost  always  the  same  in  the 
primary  bast.  In  all  cases,  without  exception,  the  only  lignified  elements 
which  we  find  on  the  level  of  the  separating  strata  of  the  leaves  ere  the 
vessels. 

The  periderm  of  Amorpha  fruticosa  is,  in  the  stem,  situated  a  certain 
distance  from  the  epiderm.  It  penetrates  into  the  base  of  the  pulvinus  and 
ends  here,  remaining  roughly  at  the  same  distance  from  the  bast-ligneous 
bundles  (pd.  Figure  9);  becaut'  of  the  growing  thickness  of  the  cortical 
parenchyma  in  this  region,  it  is  thus  slightly  removed  from  the  surface  of 
the  pulvinus  as  it  approaches  i :s  end. 
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As  in  the  case  of  Aristolochia  Sipho,  we  note  that,  sometime  before 
the  fall  of  the  leaf,  the  region  with  the  smallest  cells  in  the  pulvinus 
appears  greener  than  the  rest  of  the  leaf  and  that  it  is  characterized  by 
a  greater  density  of  the  protoplasm  and,  at  the  same  time,  by  the  relative 
abundance  of  chlorophyll.  Nevertheless,  as  regards  the  distribution  and 
frequency  of  starch,  there  is  nothing  special  to  be  found  in  this  region. 

In  the  case  of  Amorpha  frutlcosa,  we  do  not  have  an/  thalli  in  the  vessels 
before  the  leaf  falls. 

The  separating  stratum  develops  in  the  upper  portion  of  the  green 
region.  It  runs  in  a  direction  perpendicular  to  that  of  the  incoming  (re¬ 
entering)  bundles  (cs.  Figure  S).  On  the  inside,  it  corresponds  to  the  base 
of  the  moving  swelling  of  the  petiole;  it  cuts  the  bundles  in  the  vicinity 
of  the  plant  where  they  are  reunited  into  three  groups  and  it  curves  slightly 
toward  the  pulvinus  as  it  crosses  them. 

During  the  development  of  the  individual  characteristics  of  the 
separating  stratum,  we  get  --  in  the  tissue  near  the  petiole,  above  it  -- 
a  ligni fication  similar  to  that  which  we  reported  in  the  case  of  Aristolochia 
Sipho.  This  results  in  the  formation  of  a  lignified  subcicatricial  stratum  . 
which  is  not  at  all  thick  (rs.  Figures  10,  11,  12)  and  which  is  thinner 
or  the  outside  of  the  petiole  [thinner  than  the  outside  of  the  petiole]. 

Instead  of  being  made  up  of  a  single  layer  of  cells,  as  in  the 
preceding  species,  the  separating  stratum  of  Amorpha  fruticosa  includes  two 
or  three  superposed  layers,  within  which  there  is  no  further  subdivision 
(partitioning).  In  these  cells,  the  protoplasm  is  very  dense,  even  more 
dense  than  in  the  rest  of  the  green  layer. 

If  we  examine  the  separating  stratum  at  various  times  closer  and 
closer  to  the  fall  of  the  leaves,  we  find,  first  of  all,  that  the  cell  walls 
become  slightly  swollen  (mu  Figure  10),  gradually  reducing  the  inside  diam¬ 
eter  [opening]  of  the  cells  and  assuming  more  or  less  curvy  sides.  In  the 
upper  portion  of  the  separating  stratum  (cs.  Figure  11),  the  middle  portion 
of  the  walls  thus  swollen  is  gradually  dissolved  and  disappears  so  that  all 
we  have  left  here  is  a  thin  surface  stratum  cn  either  side  of  it  (ci.  Figure 
11);  the  cells  on  this  level  are  also  separated  from  each  other  and  their 
protoplasm  is  enveloped  only  by  the  thin  surface  strata  of  the  original  wall. 
In  the  course  of  the  dissolution  of  the  walls,  the  cells,  separated  from 
each  other  by  this  method,  remain  irregularly  attached;  some  of  them 
remain  attached  to  the  pulvinus  (b.  Figure  12);  these  are  by  far  the  more 
numerous;  others  remain  attached  to  the  petiole  (a.  Figure  12).  In  some 
places,  however,  there  may  be  a  rather  regular  opposition  of  an  uninter¬ 
rupted  layer  of  cells  attached  to  the  petiole  and  a  layer  that  remained  on 
the  pulvinus.  We  may  also  have  a  cell  in  the  separating  stratum  which  is 
separated  from  its  neighboring  cells  all  around  its  circumference  and  which, 
consequently,  has  become  entirely  free-standing;  this  cell  is  not  destroyed 
as  a  result  of  this  and  remains  turgescent ,  like  its  neighbors. 
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After  the  separation,  whose  phases  we  have  just  indicated,  the 
cells  of  the  separating  stratum  are  inflated  and  grow  rapidly  in  a  longi¬ 
tudinal  direction  toward  their  free  ends.  n-tween  their  thin  walls,  around 
their  base  of  attachment,  we.  can  then  see  terminate,  in  a  spongy  point,  the 
undissolved  rest  of  the  median  region  of  the  walls. 

The  longitudinal  growth  of  the  cells  in  the  separating  stratum, 
which  border  on  both  sides  of  the  dehiscence  crack,  causes  them  to  push 
against  the  opposite  surface  and  to  exert  pressure  on  that  surface;  as  a 
result,  it  tends  to  remove  the  petiole  ».rom  its  pulvinus.  Under  the  influence 
of  this  separating  force,  the  vessels  and  the  sieve-like  tubes  of  the  vessels 
break.  Since  the  leaf  no  longer  has  any  connection  with  the  pulvinus,  it 
falls  as  a  result  of  it'i  own  weight.  As  in  the  case  of  Aristolochia  Sipho, 
defoliation  is  furthermore  considerably  promoted  by  the  wind  and  the  frost; 
we  might  even  add  that,  in  the  majority  of  leaves,  the  fall  is  considerably 
accelerated  by  these  two  factors. 

In  growing  across  the  bundles,  the  separating  stratum  is  formed  at 
the  expanse  of  the  living  elements  of  the  bast  and  the  wood.  For  this  pur¬ 
pose,  the  few  cellulcse  fibers  and  the  elongated  parenchyma  of  the  primary 
bast  also  inflate  their  walls  but,  probably  because  of  their  great  length 
which  by  far  exceeds  the  thickness  of  the  separating  stratum,  they  are  not 
detached  and  appear  to  dissolve  completely. 

I  conducted  some  investigations  on  the  histological  changes  which 
accompany  the  inflation  (swelling)  and  partial  dissolution  of  the  membranes 
in  the  separating  stratum.  At  the  beginning  of  the  swelling,  the  walls 
more  energetically  fix  the  acid  coloring  substances  (Congo  red,  etc.)  and 
they  fix  the  basic  coloring  substances  (naphthylene  blue,  safranin,  etc.) 
less  energetically  than  those  of  the  parenchymatous  tissues  nearby.  (This 
seems,  to  indicate  that  the  dissolution  does  not  occur  under  the  influence 
of  the  acid  environment,  as  indicated  by  Mr.  Wiesner,  loc.  cit.,  page  506.) 
This  contrast  in  coloration  is  also  further  accentuated  as  the  cell  walls 
swell  more  md  become  more  and  more  mucilaginous.  At  the  moment  the  partial 
dissolution  of  the  walls  begins,  the  portions,  which  are  going  to  be  dis¬ 
solved,  only  ver/  weakly  fix  the  basic  coloring  substances;  it  is  above 
all  in  the  middle  region  that  this  fixation  persists  longest;  besides, 
ruthenium  red,  rmong  these  coloring  substances,  is  the  one  which  gives  the 
most  intensive  coloration  although  it  might  still  be  very  weak.  At  the 
moment  of  this  dissolution,  the  acid  coloring  agents  are  still  strongly 
staining  the  walls  of  the  separating  stratum  although  to  a  lesser  degree 
than  at  the  beginning  of  their  inflation.  lodochloride  of  zinc  and  iodine- 
containing  phosphoric  acid  produce  almost  no  action  at  all  here. 

These  various  reactions  tell  us  that  the  change  in  the  walls  consists 
in  a  mucilaginous  transformation;  looking  at  the  classification  of  mucilages 
by  Mr.  Mangin  ("On  an  Attempt  at  a  Classification  of  Mucilages,"  Bull,  de  la 
Soc.  bot.  de  France.  Vol  41,  page  XL),  we  see  that  the  mucilage  in  the 
separating  stratum  is  mixed,  that  is  to  say,  peeto-cel Julosic,  however,  with 
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predominance  of  the  cellulosic  substance.  The  weak  coloration  given  it 
by  ruthenium  red  is  probably  due  to  the  fact  that  the  derivatives  of  pectic 
compounds  can  be  found  here  only  in  a  very  small  quantity. 

The  thin  surface  strata  of  the  wall,  which  are  not  dissolved  and 
which  continue  to  envelop  the  protoplasm  after  detachment,  in  my  opinion 
did  not  seem  to  undergo  any  histological  changes  capable  of  being  demon¬ 
strated  with  the  help  of  coloring  substances  —  at  least  as  far  as  one  can 
tell  from  their  thickness. 

(In  my  historical  summary  I  said  that  Mr.  MiJlisch  reported  the  pres¬ 
ence  of  gum  ferment  in  a  larger  quantity  in  the  cells  of  the  separating 
strata  than  in  the  other  cells  of  the  puivinus,  Tn  establishing  this  pres¬ 
ence,  the  author  used  the  Wiesner  reaction.  Here  is  the  method  involved: 
the  sections  are  placed  in  a  drop  of  47.  orcin  solution  under  the  cover  glass; 
on  the  latter,  we  put  concentrated  hydrochloric  acid;  the  preparation  is 
t4en  heated  near  the  boiling  point.  Under  these  conditions,  the  content  of 
the  cells  which  enclose  (contain)  this  ferment,  as  well  as  the  walls  of  the 
mucilaginous  cells,  are  inevitably  stained,  first,  red  and  then  violet;  the 
lignified  tissues  are  bound  to  be  colored  a  dark  redc  Alter  trying  this 
reaction  on  the  separating  stratum  in  Amorpha  druticosa,  as  well  as  on  that 
of  several  other  species,  I  was  able  to  obtain  a  very  nice  dark  red  colora¬ 
tion  of  the  lignified  tissues,  although  I  was  not  able  to  achieve  the  same 
result  with  the  content  of  the  cells  of  the  separating  stratum,  nor  with 
that  of  their  mucilaginous  walls.) 

The  detachment  of  the  cells,  inside  the  separating  stratum,  ordinar¬ 
ily  begins  in  the  external  region  of  the  petiole  and  gradually  reaches  its 
internal  side.  The  average  time  for  the  fall  of  the  leaves  is  in  the  second 
half  of  October.  This  fall  generally  occurs  in  ;he  order  of  appearance 
of  the  leaves,  that  is  to  say,  from  the  base  to  the  top  of  the  particular 
shoots. 


The  fresh  leaf  scar  has  a  clear-green  color;  it  has  the  shape  of  a 
triangle,  quite  rounded  off  at  the  points  and  slightly  cord-shaped  on  the 
inside  face  (ci.  Figure  13).  At  its  surface  we  can  observe  either  one 
single  trilobed  navel  or  three  small  navels  in  a  triangular  pattern, 
depending  on  the  level  at  which  the  entering  bundles  were  broken  by  the 
separating  stratum;  these  navels  appear  slightly  in  intaglio.  The  leaf 
puivinus  protrudes  very  little;  it  is  green  in  its  upper  portion  and 
almost  imperceptibly  changes  into  the  brown  color  of  the  stem  as  we  go 
further  down.  Its  green  color  is  due  to  the  presence  of  chlorophyll  in 
the  subepidermal  tissues;  this  chlorophyll  manages  to  conceal  the  brown 
color  of  the  periderm  of  the  stem  less  and  less  as  the  latter  approaches 
the  surface,  at  the  base  of  the  puivinus.  The  leaf  scar  is  topped  by  two 
buds;  one  of  these  buds  is  very  close  to  the  puivinus  and  is  very  small; 
it  is  barely  visible  from  the  outside;  the  other  one  is  located  above  and 
is  much  more  developed,  especially  in  the  upper  region  of  the  shoots.  The 
two  short  and  sharp  stipules  of  the  leaf  are  attached  to  the  right  and  left 
of  the  scar. 
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As  in  the  case  of  Aristolochia,  the  wound  has  no  protection  at  the 
time  the  leaf  falls.  Later  on,  the  rounded  cells  of  the  separating  stratum 
die  and  are  flattened  out  on  the  surface  of  the  wound.  Then  the  wound, 
acing  as  an  exciting  surface  on  the  tissues  of  the  pulvinus,  causes  the  for¬ 
mation  of  a  ligno-suberous  cicatrization  lamina,  below  the  wound;  this  hap¬ 
pens  after  the  leaf  falls. 

This  lamina  is  differentiated  entirely  at  the  expense  of  the  tissues 
of  the  pulvinus.  It  is  about  twice  as  thick  toward  the  exterior;  while  its 
upper  surface  is  almost  parallel  to  the  scar,  its  lower  surface,  which  is 
almost  level,  start  from  the  axillary  angle  of  the  pulvinus  and  decends  very 
obliquely  downward  (ss.  Figure  14). 

The  ligno-sube  ous  change  in  the  elements  of  the  pulvinus  generally 
starts  around  its  circumference;  it  then  progresses  from  the  base  of  the 
lamina  toward  its  upper  portion.  The  elements  of  the  bundles  are  the  last 
parts  to  be  affected  by  this  modification.  As  this  modification  takes  place, 
the  color  of  the  pulvinus  changes  from  green  to  brown. 

The  ligno-suberization  of  the  tissues,  considered  as  a  whole,  is  at 
a  maximum  in  the  lower  portion  of  the  lamina  where  it  is,  moreover,  termi¬ 
nated  rather  abruptly.  Its  intensity  diminishes  rather  gradually,  or.  the 
other  hand,  as  we  go  upward  and,  at  a  certain  distance  from  the  surface  of 
the  scar,  all  we  have  is  the  i i gni f ication.  Above  the  region  thus  altered 
we  have  a  rather  tnick  stratum  of  sacrificed  parenchyma  (ce,  Figure  14). 

In  the  ligno-suberous,  the  deposit  of  lignin,  considered  separately,  also 
diminishes  in  intensity  from  the  base  toward  the  top;  moreover,  it  is  much 
larger  in  the  internal  cortical  parenchyma  of  the  pulvinus  and  in  the  cellu¬ 
lose  elements  of  the  bundles  than  in  the  external  cortical  parenchyma. 

The  thickness  of  the  suberous  cover  of  the  cells  varies  little  throughout 
the  entire  thickness  of  the  stratum. 

The  cells  of  the  cicatrization  lamina  very  often  are  filled,  espe¬ 
cially,  at  the  base,  with  brown,  gummy  or  resinous  substances,  similar  to 
those  we  find  very  often  in  the  cells  of  certain  corks. 

As  in  the  case  of  Aristolochia  Sipho,  the  sieve-like  tubes  and  the 
vessels  do  not  reveal  a  suberous  film  on  their  inside. 

The  sieve-like  tubes  are  blocked  by  calluses;  besides,  at  the  level 
of  the  cicatrization  lamina,  they  are  almost  all  crushed  by  the  neighboring 
cells  (ter,  Figure  15).  The  fibers  and  the  parenchyma  with  the  elongated 
cells  in  the  external  region  of  the  bast  behave  like  the  parenchymatous 
elements  of  the  cicatrization  lamina. 

The  petiole  of  Amorpha  frutlcosa  has  groups  of  articulated  lactiferous 
organs  in  the  bast  of  the  bundles  and  in  the  vicinity  of  their  trachea. 

These  lactiferous  organs  are  broken  off  at  the  level  of  the  separating 
stratum  and  their  content  becomes  solid  Jn  the  air.  Their  walls,  like  those 


29  - 


of  the  sieve-like  tubes,  are  impregnated  with  lignin  at  the  level  of  the 
cicatrization  lamina;  as  in  the  case  of  the  latter,  they  are  not  covered 
with  an  internal  suberous  film  (la,  Figure  15), 

The  lower  limit  of  the  cicatrization  in  the  bundles  does  not  drop 
below  that  of  the  cortical  parenchyma. 

I  indicated  that  there  is  no  formation  of  thalli  in  the  vessels 
before  the  leaf  falls;  I  might  now  add  that  the  thalli  do  not  f^rm  ifter  the 
leaf  falls,  either.  The  vessels  are  blocked  only  by  the  deposit,  in  their 
cavity  of  a  substance  called  "wound  gum";  this  substance  appears  only  after 
the  leaf  has  fallen.  This  substance,  which  we  observed  earlier  accompanying 
or  replacing  the  thalli  at  the  level  of  the  cicatrization  strata,  in  certain 
vessels  of  Aristolochta  Sipho,  develops  in  the  case  of  Amorpha,  all  the 
way  into  the  vessels  of  the  bast-ligneous  system  of  the  stem.  (In  Figure 
14,  line  lg  represents  the  average  lower  limit  of  the  tissue  containing  it.) 

Its  appearance  in  the  vessels  varies:  sometimes  it  forms  .ounded 
masses  toward  the  interior,  along  the  vascular  walls  (V,  Figure  ’6);  at 
other  times  it  completely  obstructs  their  inside  diameter  (opening)  ( V i ) ; 
and  then  again  it  might  only  fill  ;t  up  rather  incompletely  (V2).  On  the 
other  hand,  it  can  be  found  either  in  the  amorphous  state  (Iga)  or  in  the 
granular  state  (lgg);  both  of  these  forms,  however,  can  be  found  in  one  and 
the  same  vessel  (V).  I  think  that  these  two  states  are  the  two  ways  in 
wn;ch  the  same  substance  can  be  differentiated;  I  believe  that  one  of  these 
forms  is  not  a  delayed  modification  of  the  other  because  the  two  states, 
amorphous  and  granular,  exist  already  at  the  beginning  of  the  appearance 
of  this  substance  and  because  we  still  find  these  two  forms  in  the  old 
scars. 


Like  Mr.  Frank  ("On  the  Formation  of  Gum  in  Wood  and  its  Physiologi¬ 
cal  Significance,"  Berlchte  der  deut,  Bot,  Cesellsch.,  Vol  II,  page  321)  and 
Mr.  MMlisch  ("On  the  Thalli  and  Some  Observations  on  the  Healing  of  Scars 
in  Plants,"  Sitz.  d.  K.  Akad.  d,  Wissench.  zu  Wien,  Vol  97,  page  264),  as 
well  as  Prael  ("Comparative  Investigations  on  Heart  Wood  Formations," 

Pri ngshetm's  Jahrbttcher,  Vo1.  19,  page  1),  and  Temme  ("On  Heart  Wood,  Its 
Formation  and  Its  Physiological  Significance,"  Theil’s  Landw,  Jahrb., 

1885,  page  465),  I  was  able  to  find  that  this  substance  was  produced  by 
the  neighboring  cells  of  the  vessels,  with  the  starch  disappearing  here 
gradually  during  its  formation. 


Colorless  at  the  beginning,  it  very  soon  takes  on  a  more  or  less 
yellow  color  on  the  level  of  the  1 i gno-suberous  lamina,  like  the  vascular 
walls;  its  deposit  is  completed  at  che  moment  the  ligto-suberization  of  the 
other  elements  of  the  bundles  starts. 


Mr.  Frank  and,  above  all,  Mr.  Temme  pointed  out  that  this  kind  of 
gum  differed  from  the  others  in  that  it  did  not  swell  up  in  water,  that  it 
was  insoluble  in  cold  water,  boiling  water,  ether,  potassium,  aqua  regia. 
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and  cold  nitric  acid;  that  it  behaves  like  the  lignified  walls  toward  the 
solution  of  fuchsin  and  the  reagent  of  Wiesner.  Moreover,  Mr.  Temme  showed 
that  boiling  nitric  acid  would  dissolve  it.  Mr.  Mfllisch  announced  also 
that  this  substance  behaves  toward  aniline  sulfate,  metadiamibenzol ,  orcin, 
and  thymol  like  the  lignified  membranes  and  he  accepts  the  idea,  therefore, 
that  It  contains  vanillin. 

i  was  able  to  reproduce  most  of  these  reactions  and  check  on  their 
accuracy.  In  addition,  I  found  that  this  substance  behaved  in  all  points 
like  the  lignified  membranes  not  only  toward  the  reagents  pertaining  to 
vanillin  but  also  toward  all  of  the  other  reagents  of  lignin.  The  iodine- 
containing  reagents,  the  ammoniacal  coloring  substances  (fuchsin,  methyl, 
green,  gentian  violet,  acid  green  of  Mangin,  etc.),  iodine  green,  and  the 
colors  of  aniline  stain  this  substance  like  the  lignified  membranes. 

Sulfuric  acid  does  not  dissolve  it  but  boiling  nitric  acid,  cold 
Javel  water  stirred  for  several  days,  boiling  Javel  water  stirred  for  several 
minutes,  and  hot  potassium  under  pressure  cause  it  to  disappear  entirely, 
just  like  the  lignin  in  the  lignified  tissues. 

Like  Mr.  Temme  I  was  also  able  ^o  find  that  the  digestion  of  the 
sections,  in  a  mixture  of  hydrochloric  acJd  and  potassium  chlorate,  within 
about  one  quarter  of  an  hour  removes  the  vanillin  from  the  pseudc-gum  as 
well  as  that  of  the  lignified  tissues;  however,  neither  in  the  case  of 
Amorpha  fruticosa  nor  in  the  other  plants  which  I  studied  did  I  ever  observe 
the  great  solubility  of  the  rest  of  this  substance  in  alcohol,  after  the 
sections  have  undergone  the  previously  mentioned  d  gestion;  according  to  the 
author,  this  solubility  recalls  the  reaction  of  the  resins.  Similarly,  I 
was  never  able  to  achieve  the  complete  disappearance  of  this  substance 
while  checking  on  this  digestion  for  half  an  hour  and  even  more  than  that. 

The  pseudo-gum,  under  these  conditions,  not  only  fails  to  disappear  but  does 
not  become  any  more  soluble  in  alcohol  than  after  a  digestion  of  a  quarter 
of  an  hour.  The  same  holds  true  after  treatment  with  aqua  regia  which  like¬ 
wise  removes  the  vanillin  from  the  gum  and  the  lignified  tissues. 

On  the  other  hand,  the  reagents  of  vanillin  (phlorogiucin,  indoie, 
hydrochloric  acid  and  aniline  sulfate,  etc.),  after  one  or  the  other  of 
these  treatments,  no  longer  stain  this  substance;  however,  the  other  rea¬ 
gents  of  lignin  (ammoniacal  colors,  iodine  green,  colors  of  aniline,  etc.) 
do  stain  it.  in  the  same  fashion  and  roughly  with  the  same  intensity  as  before, 
just  like  the  lignified  membranes. 

Mi,  MOlisch  (loc.  cit.,  page  290),  admits  that  this  substance  is  a 
special  gum  in  which  vanillin  is  diffused  as  a  result  of  its  contact  with 
the  vessels.  The  author  thus  seems  to  think  that  it  is  a  portion  of  the 
vanillin  of  the  vascular  walls  which  moves  on  into  this  substance.  Now, 
it  is  easy  to  figure  out  that  the  intensity  of  coloration  created  by  the 
coloring  substances  of  vanillin  in  the  walls  of  the  vessels  containing 
this  pseudo-gum,  is  the  same  before  and  after  its  formation.  Besides,  the 
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author  tells  that  this  gum  is  found  --  below  a  wound  in  Saccharum  officinarum 
—  in  the  sieve-like  tubes  and  in  the  bast  parenchyma;  it  was,  however,  not 
contained,  in  this  case,  in  the  neighboring  lignified  walls  that  wei'e  capa¬ 
ble  of  giving  it  some  vanillin. 

On  the  basis  of  the  various  reactions  mentioned  earlier,  I  found 
that  the  substance,  which  blocks  the  vessels,  only  has  the  appearance  of 
t'ne  ordinary  gums.  I  was  :  ot  able  to  find  any  chemicaj.  or  staining  reac¬ 
tion  that  would  enable  me  clearly  to  distinguish  the  lignin  which  impreg¬ 
nates  the  lignified  tissues.  In  my  opinion  this  substance  is  not  gum; 
instead,  I  think  it  is  lignin  that  has  been  deposited  in  the  vessels  and 
that  looks  like  gum.  By  the  way,  it  is  certainly  not  impossible  for  a  sub¬ 
stance,  which  is  ordinarily  diffused  in  the  cell  walls,  to  be  able  to  exude 
and  become  deposited  outside  of  them,  in  the  cell  Cu.’Mes. 

In  summary,  I  think  that  the  term  "wound  gum,"  which  is  commonly 
used  to  refer  to  this  blocking  substance  down  to  ims  very  day,  is  a  rather 
unfortunately  chosen  term;  it  would  appear  to  be  inadequate  not  only  because 
it  has  no  relationship  at  all  with  gum,  except  fo:  i  .s  appearance,  but  also 
because  it  does  not  always  serve  to  cicatrize  a  wound.  If,  indeed,  it  does 
develop  in  the  vessels  of  the  wounded  parts  of  the  plants,  either  naturally 
(leaf  scars),  or  artificially  (punctures,  branches  cut  or  broken),  then  it 
may  be  deposited  also  and  above  all,  as  was  demonstrated  by  the  previously 
mentioned  authors,  in  large  quantities  and  concurrently  with  the  thalli,  in 
the  other  parts  of  the  plants  that  are  not  injured,  such  as  the  heart  of  the 
wood.  Hereafter  I  will  therefore  use  the  term  "gummy  lignin"  in  referring 
to  this  substance;  this  term  is  better  because  it  precisely  spells  out  its 
chemical  nature  and  its  physical  appearance. 

The  production  of  gummy  lignin  is  certainly  the  result  of  an  excita¬ 
tion  by  the  internal  surface  of  the  vessels  with  respect  to  the  neighboring 
parenchyma,  an  excitation  produced  by  the  slow  down  and  even  the  complete 
cessation  of  their  conducting  role.  In  Amorpha  fruticosa,  this  excitation, 
instead  of  rendering  the  neighboring  cells  vegetative  and  causing  them  to 
form  thalli,  as  in  the  majority  of  the  vessels  of  the  Aristolochia  Sipho, 
instead  gives  them  the  role  of  the  secretor  and  producer  of  a  blocking 
substance. 


tummy  lignin  is  sometimes  also  encountered  on  the  level  of  the  cica¬ 
trization  lamina,  in  some  of  the  sieve-like  tubes,  and  in  some  of  the  inter¬ 
cellular  channels. 

The  crystal-bearing  cells  are  numerous  in  the  leaf  pulvinus  of 
Amorpha.  The  crystals  of  oxalate  of  calcium,  which  they  contain,  are  sur¬ 
rounded  by  a  thin  cellulose  wall  and  partly  enveloped  in  a  considerably 
thicker  portion  of  the  cell  wall  which  specializes  at  a  very  early  stage 
by  becoming  lignified  (es.  Figure  17);  they  thus  remind  us  of  those  of  the 
leaf  of  Citrus  vulfearia,  as  described  Dy  Witlin  (Witlin,  J.,  "On  the  For¬ 
mation  of  Calcium  Oxalate  Pockets,"  hot,  Cen-tralb.,  Vol  67,  1896,  page  97). 
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On  the  level  of  the  cleat, .zation  lamina,  the  lignlf ication  Invades  the 
rest  of  the  walls  of  the  crystal-bearing  cell  as  well  as  the  envelope  of 
the  crystal;  but  there  is  no  suberous  film  forming  here,  against  it,  around 
the  cell  cavity.  On  the  contrary,  I  observed  almost  always  that  this  cavi¬ 
ty  around  the  crystal  and  its  envelope  (lig,  Figure  18)  were  filled  with 
gummy  lignin  generally  in  the  granular  state. 

The  termination  of  the  periderm  of  the  stem  inside  the  pulvinus  is 
enveloped  in  the  cicatrization  lamina  (pd.  Figure  14)  and  the  phellogen  -- 
during  its  entire  passage  across  the  latter  —  dies  after  becoming  ligno- 
suberized,  like  the  neighboring  tissues. 

In  the  sacrificed  sub  cicatricial  parenchyma,  the  cells  die  rapidly; 
they  are  flattened  more  or  less  above  the  ligno-suberous  lamina  and  the 
surface  of  the  scar  is  thus  slightly  hollow  around  the  bundles,  causing  them, 
from  then  on,  to  appear  in  relief.  All  of  this  sacrificed  parenchyma  is 
generally  invaded  by  the  myceliums  of  various  mushrooms  which  almost  com¬ 
pletely  fill  the  cavity  of  the.  cells.  Despite  the  abundance  of  these  mush¬ 
rooms  (fungi),  1  was  never  able  to  watch  them  penetrate  into  the  cells  of 
the  ligno-suberous  layer;  this  applies  not  only  to  Amorpha  fruticosa  but 
also  to  all  of  the  other  similar  cases.  This  is  the  best  proof  that  this 
ligno-suberous  layer  is  sufficient  to  protect  the  plant  until  the  cicatriza¬ 
tion  is  absolutely  complete. 

During  the  first  year,  the  cicatrization  which  I  have  just  described, 
is  the  only  one  that  occurs  in  the  leaf  pulvini  of  Armorpha  fruticosa. 

As  the-  second  year  begins,  we  sometimes  have  a  rather  inactive 
growth  (generating)  zone  developing  against  the  base  of  the  original  cica- 
tri-of'on  lamina  (following  line  K,  Figure  19).  This  zone  produces  only 
one  or  two  layers  of  cork  and  does  not  extend  across  the  bundles;  very 
often  it  disappears  even  before  growing  across  the  entire  pulvinus.  After 
this  zone,  we  have  another  much  more  active  generating  zone  which  appears 
at  a  lower  level.  It  begins  from  the  external  base  of  the  pulvinus  and 
produces  a  cork  which  turns  out  to  constitute  an  internal  doubling  of  the 
caulinary  periderm  (lie.  Figure  19)  and  which  progressively  extends  upward, 
toward  the  axillary  angle.  On  its  way,  this  cork  encounters  the  hard  bast 
of  the  bundles  and,  since  it  cannot  cut  it,  if,  on  the  one  hand,  moves  up 
along  its  outside  face,  gradually  disappearing,  and,  on  the  other  hand,  goes 
around  it  laterally,  so  as  to  penetrate  into  the  soft  bus'  without  changing 
direction.  It  then  goes  across  the  rest  of  the  bundles,  sometimes  describing 
a  very  slight  downward  curve.  In  ; he  axillary  angle  of  the  pulvinus  it 
disappears  at  the  base  of  the  dormant  bud  or  it  continues  with  Chat,  of  the 
shoot  which  constitutes  this  bud,  growing  along  with  it. 

This  second  cork,  which  always  develop  andw'nichwe  can  consider  as 
the  true  cicatricial  cork,  then  grows  acrosi  the  pulvinus  to  a  certain  dis¬ 
tance  below  the  primary  cicatrization  stratum.  The  parenchymatous  region 
of  cne  pulvinus,  included  between  the  two,  is  then  lignified  sometime  after 


the  appearance  of  the  scar  cork,  when  the  latter  has  already  grown  to  a 
certain  thickness. 

The  continuation  of  the  cork  across  the  bundles  occurs  as  in  the 
case  of  Aristolochia  Sipho,  except  as  regards  the  vessels  which,  not  con¬ 
taining  any  thalli,  are  all  broken  by  the  longitudinal  extension  under  the 
effo-'t  of  the  growth  of  the  cork  in  thickness;  the  continuity  of  the  cork 
is  here  established  between  their  distant  ends,  such  as  we  have  it  taking 
place  across  the  secondary  vessels  in  the  previously  mentioned  species. 

The  articulated  milk-bearing  organs,  which  are  more  or  less  crushed  by  the 
cells  of  the  cork,  similarly  break  at  its  level. 

During  the  second  year,  one  of  the  axillary  buds  of  the  fallen  leaf 
begins  to  vegetate  and  provides  a  shoot;  when  this  happens,  the  transversal 
growth  of  the  base  of  this  bud  causes  --  at  a  rather  early  stage  ana  before 
the  formation  of  the  scar  cork  —  a  longitudinal  rupture  in  the  tissues  of 
the  pulvinus.  The  crack  thus  produced  involves  only  the  cortical  parenchyma; 
it  runs  almost  along  the  plane  of  symmetry  of  the  pulvinus,  slightly  to  the 
side  of  the  middle  entering  bundle;  it  then  descends  more  or  less  far  down 
along  the  stem;  its  two  edges  (lips)  move  further  and  further  apart  as  the 
shoot  grows.  Usually  this  crack  does  not  go  beyond  the  customary  level  of 
differentiation  of  the  scar  cork;  however,  where  this  is  the  case,  this 
cork  grows  around  it,  on  the  underside,  in  order  to  cicatrize  this  new  wound. 

3rd  Type.  Koelreuteria  paniculata  Lamk. 

As  far  as  the  make-up  of  the  base  of  the  petiole  of  Koelreuteria 
paniculata  is  concerned,  I  might  make  the  same  general  remarks  as  for  the 
two  earlier  cases;  the  cortical  parenchyma  here  has  shorter  cells  than 
in  the  rest  of  the  petiole;  the  ligneous  fibers,  the  bast  fibers  and  the 
hard  bast  are  likewise  absent  here.  As  in  the  case  of  Amorpha  fruticosa, 
the  volume  of  the  bundles  here  is  scarcely  reduced. 

The  periderm  of  the  stem  is  very  thick,  especially  at  the  base  of 
the  shoots,  and  continues  under  the  epiderm  of  the  pulvinus;  it  then  termi¬ 
nates  generally  at  the  base  of  the  petiole,  a  little  above  the  level  at 
which  the  separating  stratum  forms  (pd,  Figure  21). 

The  phenomena  preceding  the  fall  of  the  leaf  are  the  same  as  in 
Aristolochia  Sipho.  The  separating  stratum  develops  in  the  upper  portion 
of  the  green  region,  some  distance  from  the  axilla  of  the  leaf  (cs,  Figure 
21),  Sometime  before  defoliation,  thalli  develop  in  the  ligneous  vessels 
at  the  base  of  the  petiole:  rhesa  cnalli  are  numerous  in  the  vessels  of  the 
primary  wood  and  they  are  very  rare  in  those  cf  the  secondary  wood  which  is, 
hy  the  way,  not  very  well  developed  at  that  time.  The  only  change  we  can 
observe  in  the  sieve-like  tubes  involves  the  formation  of  calluses. 

The  one  feature  which  distinguishes  this  type  from  the  two  earlier 
types  is  the  way  in  which  the  separating  stratum  is  made-up  here;  in  this 
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case,  it  is  always  of  secondary  origin,  A  zone  of  subdivision  (partitioning) 
develops  to  this  effect  in  the  upper  portion  of  the  pulvinus  and  perpendic¬ 
ularly  to  the  direction  of  the  petiole;  this  zone  is  almost  level  except 
Jn  the  place  where  the  bundles  grow  across  it;  here  it  rises  slight*/  upward. 
This  zone  forms  a  laminn  of  constant  thickness,  essentially  equal  to  the 
longitudinal  diameter  of  the  average  cells  of  this  region  (about  60  mu); 
depending  on  the  size,  shape,  and  positions  of  the  elements  it  encounters, 
the  subdivision  (cs,  Figure  22)  thus  involves,  either  one  or  two  cells  or 
only  a  part  of  a  cell;  it  always  grows  from  the  bottom  to  the  top  in  each 
of  them.  The  separating  stratum  is  finally  made-up  of  three  or  four  layer* 
of  cells  whose  young  partitions  are  essentially  parallel  to  each  other  and 
to  the  general  direction  of  the  stratum;  here  the  elements  are  primarily 
flat  and  they  keep  their  thin  walls. 

Only  the  macled  cells,  their  sieve-like  tubes,  and  the  vessels  do 
not  subdivide  and  the  same  is  true  of  the  cells  of  the  caulinsry  periderm 
whenever  it  extends  to  that  level.  If  a  macled  cell  happens  to  be  located 
in  the  way  of  the  separating  stratum,  the  latter  goes  around  it,  either 
above  or  below,  and  the  subdivisions  are  produced  in  the  immediately 
adjoining  cells  (cr.  Figure  22). 

The  tissue  of  the  petiole,  in  the  vicinity  and  above  the  separating 
stratum  reacts  as  in  the  two  earlier  types  in  response  tc  the  stimulation 
produced  by  the  establishment  of  this  stratum;  following  the  partitioning 
of  this  latter  layer,  the  walls  are  lignified  (rs,  Figures  22  and  23). 

At  the  end  of  September,  about  3  weeks  before  defoliation,  the  sub¬ 
divisions  that  make-up  the  separating  stratum  begin;  they  appear  first  of 
all  at  the  base  of  the  lower  leaves  of  the  shoots. 

Several  days  before  the  fall  of  the  leaf,  there  is  a  noticeable 
longitudinal  growth  in  the  entire  separating  stratum;  after  that  the  dehis¬ 
cence  crack  develnns  inside  the  latter,  between  its  two  upper  layers. 

/ 3  in  the  case  of  Amorpha  fruticosa,  the  separation  is  caused  by  a  trans¬ 
formation  of  the  cell  walls  into  mixed  mucilage  and  also  by  its  partial 
dissolution.  However,  since  these  walls  are  not  at  all  thick,  especially 
in  the  case  of  the  transversal  walls  which  are  young,  there  mucilaginous 
portion  is  rather  small;  the  prior  swelling  of  the  membranes  is  therefore 
not  at  all  accentuated  here  (cs,  Figure  23). 

The  separation  inside  the  separating  stratum  occurs  in  the  following 
manner:  a  roughly  equal  number  of  cells  remains  on  either  side  of  the  dehis¬ 
cence  surface;  these  cells  are  unattached  on  one  portion  of  their  circumfer¬ 
ence  but  they  remain  attached  to  the  pulvinus  and  to  the  petiole  along  one 
of  their  sides.  As  in  the  case  of  Amorpha  fruticosa,  the  longitudinal 
growth,  in  the  opposite  direction,  of  the  two  layers  thus  separated  and 
cheir  mutual  pressure  cause  the  mechanical  detachment  of  the  leaf  by 
breaking  the  vessels  and  the  sieve-like  tubes,  provided  these  have  not 
already  been  broken  off  as  a  result  of  the  longitudinal  growth  taking  place 
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in  the  entire  separating  stratum  before  this  separation, 

I  pointed  out  earlier  that,  while  the  caulinary  periderm  rises  just 
to  the  level  of  the  separating  stratum,  the  latter  does  not  cut  into  it. 
Consequently,  it  does  not  undergo  any  histological  change  and  it  is  then 
broken  off  like  the  vessels  and  the  sieve-like  tubes. 

The  leaves  usually  fall  during  the  second  half  of  October;  their 
portion,  which  remains  attached  to  the  stem  and  which  forms  the  pulvinus 
is  rather  considerable.  The  fresh  scar  is  clear-green;  it  is  almost  cord¬ 
like  [rope-shaped]  and  very  long;  its  surface  runs  almost  parallel  to  the 
axis  of  the  stem  (ci.  Figure  20).  Here  a  scar  arc,  slightly  in  relief, 
indicates  the  outline  of  the  bast-ligneous  leaf  system. 

In  this  third  type  we  do  not  yet  have  any  cicatrization  of  the  wound 
at  the  moment  the  leaf  falls,  except,  of  course,  for  the  fact  that  most  of 
the  vessels  are  blocked  by  the  thalli  with  the  cellulose  walls.  The  tissues 
of  the  pulvinus  are  differentiated  into  a  ligno-suberous  lamina  of  the  same 
nature  as  in  the  earlier  types  (ss,  Figure  24)  after  defoliation.  The  ligno- 
suberization  of  this  cicatrization  lamina,  whose  lower  boundary  parallel  to 
the  surface  of  the  scar  is  located  exactly  at  the  level  of  the  axillary  angle 
of  the  pulvinus  begins  to  grow  in  its  base  region  and,  at.  the  same  time,  in 
several  places  in  the  cortical  parenchyma;  it  then  progressively  grows  upward. 

The  distribution  of  ligt in  and  suberin  here  is  the  same  as  in  Amorpha 
fruticosa.  However,  in  the  area  of  the  ligno-suberous  stratum  we  very  fre¬ 
quently  have  small  portions  which  are  more  or  less  further  apart  and  in 
which  the  cells  keep  their  entirely  cellulosi.c  walls. 

The  crystal-bearing  cells,  which  are  inside  this  ligno-suberous 
lamina,  do  not  have  the  thin  suberous  stratum  which  covers  their  neighboring 
cells  on  the  inside. 

The  ligno-suberization  of  the  bast-ligneous  bundles  comes  later  than 
that  of  the  surrounding  tissues.  Here  it  invades  all  of  the  elements  except 
the  sieve-like  tubes  and  the  vessels  in  a  process  also  recalling  that  of 
Aristolochia;  however,  this  modification  does  not  decend  below  the  general 
level  of  the  ligno-suberous  lamina.  In  the  ligneous  vessels,  the  thalli 
become  ligno-suberized  like  the  cells  at  whose  expense  they  are  formed 
(th,  Figure  25).  These  thalli  develop,  in  the  rest  of  the  area,  only  in 
the  vessels  of  the  primary  wood  where  they  may  be  accompanied  by  a  variable 
quantity  of  gummy  intercalated  lignin;  it  is  this  latter  substance  which 
is  found  only  in  the  vessels  of  the  secondary  wood  which  it  obstructs  com¬ 
pletely  (lgg,  lga,  Figure  25);  this  substance  is  found  sometimes  in  the 
amorphous  and  sometimes  in  the  granular  state. 

As  in  the  case  of  Amorpha,  there  remains  --  between  the  ligno- 
suberous  lamina  and  the  surface  of  the  scar  —  a  stratum  whose  cells  have 
remained  parenchymatous  and  which  are  more  or  less  flattened  out  and  which 
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are  afterward  invaded  by  fungi;  here,  however,  this  sacrificed  parenchyma 
is  about  8-10  cell  layers  thick. 

We  encounter  brown  resinous  substances,  deposited  in  the  cell-cavities, 
rather  frequently  in  the  pulvinus  and  primarily  at  the  base  of  the  ligno- 
suberous  stratum. 

As  the  differentiation  of  the  ligno-suberous  lamina  progresses,  the 
sur'ace  of  the  scar  changes  color  and  becomes  clear-brown.  This  differen¬ 
tiation  is  terminated  before  winter  and  the  stratum  thus  produced  is  the 
only  defense  of  the  plant  against  the  wound  caused  by  the  fall  of  the  leaf 
during  the  entire  first  year. 

In  the  spring  of  the  second  year,  the  zone  that  generates  the  scar 
cork  advances  —  from  the  caulinary  periderm  and  supporting  itself  on  it 
on  the  level  where  the  latter  penetrates  into  the  first  cicatrization  stratum 
--  below  this  first  stratum,  from  the  outside  toward  the  bundles  which  it 
traverses  in  the  same  way  as  in  Aristolochia  Sipho;  afterward,  in  the  axil¬ 
lary  angle  of  the  pulvinus,  it  connects  with  the  periderm  of  the  new  shoot 
formed  by  the  bud  or  with  the  cork  which  develops  below  the  bud  when  the 
latter  fails  to  ripen  (aborts).  Its  direction  is  a  little  more  oblique 
to  the  axis  of  the  pulvinus  than  that  of  the  leaf  scar. 

The  scar  cork  is  thicker  in  the  center  of  the  pulvinus  and  primarily 
at  the  points  wher*  it  cuts  across  the  bundles  (lie,  Figure  26);  it  averages 
10-15  layers  at  the  end  of  the  second  year.  After  its  development  we  very 
often  have  a  new  deposit  of  gummy  lignon  here,  below  that  in  the  vessels. 

As  a  result  of  the  growing  thickness  of  the  important  stratum  of 
scar  cork  and  also  because  of  the  obliqueness  of  its  direction  toward  the 
axis  of  the  pulvinus,  the  portion  of  the  latter  which  is  situated  outside 
of  it  is  pushed  away  toward  the  outside  and  is  slightly  buckled  on  the 
side  so  that  the  portion  of  the  leaf  bundles,  which  it  encloses,  is  no 
longer  located  exactly  in  the  prolongation  of  the  remaining  lower  part  of 
these  bundles. 

I  did  not  observe  anything  like  this  in  the  earlier  two  cases.  As 
a  matter  of  fact,  in  Amorpha  fruticosa  the  scar  cork  is  not  as  thick  so 
that,  despite  its  great  obliqueness  to  the  direction  of  the  bundles,  the 
deviation  which  I  have  just  pointed  out  is  barely  observable  here;  besides, 
the  resistance  of  the  hard  bast  helps  here  in  keeping  the  cwo  separated 
portions  of  bundles  in  the  same  prolongation.  In  the  case  of  Aristolochia 
Sipho  I  pointed  out  a  thick  scar  cork  but  the  general  direction  here  is 
perpendicular  to  that  of  the  bundles  so  that  their  distant  portions  remain 
in  the  same  prolongation, 

4th  Type.  Paulownla  imperlalls  Sieb. 

Here  I  might  make  the  same  observations  as  in  the  case  of  Koelreuteria 


panlculata  with  respect  to  the  constitution  of  the  petiole  on  the  level 
of  the  disarticulation  of  the  leaf  and  the  termination  of  the  periderm 
of  the  stem  along  the  pulvinus. 

All  of  the  phenomena  which  precede  defoliation  are  more  complex 
than  in  the  earlier  types.  A  longitudinal  section  of  the  base  of  the 
petiole,  made  several  days  before  the  leaf  falls,  shows  in  effect,  a  little 
above  the  insertion  of  the  latter,  a  lamina  of  meristematic  tissue  in  which 
the  cells  are  subdivided  (split)  many  times.  This  meristem  lamina  is  very 
clearly  delimited  on  the  side  of  the  petiole  by  the  separating  stratum 
which  here  occupies  the  upper  portion  and  which  is  <’i  'ferentiated  here, 
first  of  all,  by  its  protoplasm  which  is  denser  than  that  of  the  rest  of 
the  meristematic  stratum,  and,  second,  by  the  presence  of  numerous  grains 
of  starch. 

The  partitions  (rm,  Figure  27)  are  less  and  less  numerous  in  the 
upper  part  of  the  meristematic  stratum  where  we  have  an  average  of  4-6  per 
cell;  this  holds  true  as  we  move  toward  its  lower  portion  situated  about 
half  way  between  the  separating  stratum  and  the  insertion  of  the  petiole. 

The  new  partitions  mostly  run  parallel  to  the  separating  stratum, 
that  is  to  say,  transversally,  but  we  can  also  find  a  large  number  with 
highly  variable  direction,  either  longitudinal  or  oblique  (rm,  Figure  27). 

As  a  general  rule,  the  small  or  medium-sized  cells  split  only  transversally 
or  obliquely.  The  large  cells  often  split  just  once,  that  is,  primarily 
longitudinally;  then  they  split  transversally  or  obliquely  a  certain  number 
of  times;  or  they  subdivide  transversally  for  a  certain  number  of  times  and 
then  we  have  one  or  several  new  cells  splitting  off  obliquely  or  longitudi¬ 
nally.  As  a  matter  of  fact,  there  is  no  regularity  in  the  disposition  of 
the  new  walls  thu3  formed;  the  only  thing  we  can  say  is  that  the  transversal 
direction  predominates. 

In  the  parenchymatous  elements  of  the  bundles,  on  the  level  of  this 
stratum,  we  can  also  observe  several  subdivisions  which  are  rather  small  in 
number;  we  generally  have  one  per  cell. 

The  cell  division  described  above  begins  to  appear  rather  early 
throughout  the  entire  thickness  of  the  partitioned  region.  Starting  at  the 
end  of  August,  this  region  --  in  the  petioles  of  the  base  of  the  shoots  -- 
begins  to  be  charged  with  a  denser  protoplasm  and  with  starch;  then  it 
begins  to  subdivide  rather  quickly.  The  starch  here  disappears  then  alto¬ 
gether  or  partly  as  the  cell  division  progresses.  The  same  phenomena 
occur  successively  in  the  leaves  as  we  move  closer  and  closer  to  the  top 
of  the  shoot. 

Cell  division  is  neither  preceded  nor  followed  by  a  growth  In  the 
diameter  of  the  cells;  in  addition,  the  new  cell  walls  are  always  thin. 

In  all  cases,  the  meristematic  lamina  is  entirely  made  up  in  the 
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fashion  I  described  earlier;  this  happens  around  the  end  of  September, 
roughly  one  month  before  the  average  defoliation  time  [roughly  before  the 
halfway  point  during  the  defoliation  period]. 

Numerous  thalli  appear  in  the  vessels  of  the  primary  wood  of  the 
bundles  around  mid-October.  These  thalli  always  have  very  thin  walls  and 
are  completely  formed,  throughout  the  entire  base  of  the  petiole,  at  the 
moment  the  leaf  falls;  after  the  leaf  falls,  they  develop  either  very  little 
or  there  is  no  new  development  at  all. 

At  this  time,  likewise,  we  can  observe  a  stratum  of  three  or  four 
layers  of  new  cells  occupying  the  upper  part  of  the  meristematic  Jamina; 
this  stratum  is  specialized  as  a  separating  stratum  by  the  apperance  of 
grains  of  starch  and  through  the  increase  in  the  density  of  its  protoplasm. 
This  stratum  functions  like  that  of  Koelreuteria  paniculate,  that  is  to 
say,  it  increases  first  of  all  very  slightly  in  thickness  through  the 
longitudinal  growth  of  each  of  its  cells;  then  this  growth  of  the  entire 
stratum  is  followed  by  a  separation  of  its  two  upper  layers.  The  walls  of 
this  stratum  are  not  at  all  thick;  their  middle  mucilaginous  portion, 
which  dissolves  afterward,  is  also  very  thin. 

The  separation  of  the  cells,  inside  the  separating  stratum,  often 
begins  in  several  places  at  once;  more  generally,  however,  it  begins  on  the 
outside  of  the  petiole. 

In  Paulownia  I  never  observed  any  lignification  in  the  tissues  of 
the  petiole  above  the  separating  stratum;  however,  we  do  find  several  sub¬ 
divisions  here  similar  to  Chose  in  the  meristematic  stratum  of  the  pulvinus. 

The  leaves  usually  fall  early  in  November.  The  leaf  scar  is  very 
wide  and  looks  like  a  circle,  slightly  flattened  toward  the  top.  The 
bundle  navels,  arranged  on  an  almost  closed  arc,  are  not  readily  visible. 

The  leaf  pulvinus  protrudes,  particularly  toward  the  outside  since  the 
surface  of  the  scar  is  slightly  inclined  toward  the  axis  of  the  stem. 

The  phenomena  preceding  the  fall  of  the  leaf  are  more  complex  here 
than  in  the  preceding  species  because  there  is  a  rather  abundant  subdivision 
of  the  tissues  of  the  pulvinus,  under  the  separating  stratum;  nevertheless, 
the  wound  usually  does  not  reveal  any  trace  of  cicatrization  at  that  time. 

I  was  able  to  discover  small  lignified  spots  only  in  a  few  samples;  I  was 
able  to  find  them  in  the  meristematic  lamina,  in  the  vicinity  of  the  dehis¬ 
cence  surface,  and  along  the  circumference  of  the  pulvinus. 

After  defoliation,  cicatrization  occurs,  as  in  the  preceding  types, 
through  the  establishment  of  a  ligno-suberous  stratum  which  is  quite  simi¬ 
lar  to  that  found  in  Koelreuteria  paniculate.  Its  upper  boundary  is  not 
definite  and  is  located  in  the  vicinity  of  the  base  of  the  meristematic 
stratum  whose  cells  ordinarily  remain  cellulosic  and  become  more  or  less 
flsctened  st  the  surfsce  of  the  scsr.  The  lignification  reaches  this 
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subdivided  stratum  only  very  rarely;  in  this  case  it  is  only  indicated  here 
rather  weakly  and  it  is  never  accompanied  by  the  formation  of  a  suberous  film. 

It  is  very  interesting  to  note  that,  in  the  case  of  Paulownia 
imperialis,  the  establishment  of  the  meristematic  lamina  does  not  seem  to 
be  very  helpful  in  the  cicatrization  of  the  wound;  contrary  to  vrhat  we  will 
see  later  on  in  some  similar  cases,  the  histological  changes  that  will  cica- 
trize  the  wound  occur  not  at  the  expense  of  these  cells  but  at  the  expense 
of  the  cells  of  the  subjacent  tissue.  This  meristem  lamina  here  rather 
appears  to  play  the  same  role  as  the  subcicatriclal  parenchymatous  tissue 
of  Koelreuteria,  that  is  to  say,  it  is  comparable  to  the  sacrificed  parenchyma. 

Before  the  complete  differentiation  of  the  ligno- suberous  scar  stra¬ 
tum,  the  cells  of  the  pulvinus  are  often  filled  with  brown  resinous  sub¬ 
stances  similar  to  those  which  we  pointed  out  in  the  earlier  types.  This 
substance  is  rarely  distributed  uniformly  throughout  the  entire  pulvinus; 
it  appears  most  often  either  only  in  the  middle  region  of  the  cicatrization 
stratum  or  in  two  strips,  one  of  which  occupies  the  crust  meristematic 
stratum  while  the  other  occupies  the  base  of  the  scar  lamina. 

The  cicatrization  of  the  elements  of  the  bundles  occurs  exactly  as 
in  Koelreuteria  panlculata;  the  gummy  lignon  here  develops,  however,  in  a 
smaller  quantity  and  the  thalli  here  are  more  numerous. 

The  external  cortical  parenchyma  of  the  pulvinus  —  at  the  level  of 
the  primary  cicatrization  stratum  --  reveals  numerous  more  or  less  wide 
channels.  These  channels  themselves  are  often  blocked  by  a  deposit  of  gummy 
lignin  (lig.  Figure  28),  in  a  way  similar  to  that  described  by  Mr.  MBlisch 
(MSlisch,  Dr.,  Hans,  op,  cit.,  Sitz.  d.  K.  Akad.  d.  Wissench.  zu  Wien. 

Vol  97,  1888,  page  292)  in  a  wound  on  the  stem  of  Canna.  Channels  with 
a  small  or  medium  inside  diameter  (opening)  are  entirely  blocked;  the 
large  channels  are  not  completely  blocked  and  the  gummy  lignin  here  is 
accumulated  in  small  round  masses  located  most  often  in  the  corners.  The 
cicatrization,  which  we  have  just  described,  is  the  only  one  which  occurs 
throughout  the  first  year  in  all  of  the  leaf  pulvini.  The  scar  cork 
appears  in  the  spring  of  the  second  year.  Most  often,  its  generating  zone 
grows  below  and  against  the  lst-year  cicatrization  strata;  sometimes, 
however,  it  grows  at  a  certain  distance  from  these  strata.  In  this  latter 
case,  the  region  of  the  pulvinus  between  the  cork  and  the  lst-year  cica¬ 
trization  stratum  remains  cellulosic  although  it  is  impregnated  with  a 
brcwn  substance  that  is  rapidly  soluble  in  Javelle  water. 

The  cork  generating  zone  appears  first  of  all  against  the  inside 
face  of  the  pulvinus;  it  gradually  grows  around  its  circumference  and  then 
moves  toward  its  center.  It  cuts  the  bundles  by  the  same  process  as  in 
Ariscolochia  Sipho  but  it  crosses  them  directly,  without  curving  toward 
the  stem. 

Along  the  circumference  of  the  pulvinus,  the  scar  cork  extends  *t  a 
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right  angle  to  the  periderm  of  the  stem.  It  is  very  thick  at  the  end  of 
the  second  year,  especially  on  the  level  of  the  bundles  where  it  has  an 
average  of  12-1 5  cell  layers. 

5th  Type.  Diospyros  virglniana  L. 

In  Diospyros  Virginians,  we  find  a  different  kind  of  complexity  of 
defoliation  phenomena  in  the  sense  that  the  cicatrization  here  begins  to 
develop  before  the  leaf  falls. 

A  longitudinal  section  of  the  petiole,  made  several  days  before 
defoliation,  shows  us,  in  effect,  a  ligno-suberous  cicacrization  stratum 
which  already  grows  across  its  base  (ss,  Figure  29)  and  which  is  established 
in  the  parenchyma  of  the  pulvinus.  The  cells  of  this  stratum  have  not  under¬ 
gone  any  subdivision  before  that  (ss,  Figure  31);  this  stratum  is  very 
clearly  bordered  on  its  upper  portion  by  the  plane  of  the  separating  stratum 
against  which  it  terminates;  the  boundary  between  these  two  tissues  is  even 
better  indicated  whenever  the  cells  of  the  second  [tissue  layer]  are  much 
smaller  than  those  of  the  first. 

Starting  in  the  month  of  May,  that  is,  at  the  time  the  leaf  reaches 
its  adult  stage,  the  petiole,  in  effect,  has  a  basilar  articulation  marked 
by  a  slight  circular  groove  at  whose  level  we  find  a  specialized  stratum 
running  slightly  oblique  to  the  direction  of  the  re-entering  bundles.  This 
stratum  consists  of  three  or  four  layers  of  cells  which  have  been  subdivided 
just  once,  primarily  longitudinally,  and  which  have  then  not  undergone  any 
intercalary  growth  (art,  Figure  30);  here  the  cells  are  therefore  much 
smaller  than  in  the  petiole  and  in  the  future  pulvinus  so  that  they  will 
quite  definitely  be  separated  from  each  other;  here  they  are  almost 
polygonal  and  they  leave  room  between  them  only  for  some  very  small  angular 
channels. 

Tt  is  this  stratum  which,  without  any  further  subdivision,  will  be 
differentiated  into  a  separating  stratum  in  autumn.  The  position  that 
will  be  occupied  by  the  latter  stratum  is  therefore  clearly  indicated  already 
at  the  base  of  the  adult  leaf. 

At  the  moment  the  leaf  falls,  tht  cicatrization  lamina  involves 
especially  the  cortical  parenchyma  in  which  its  lower  boundary  is  slightly 
convex  toward  the  bottom  (ss,  Figure  29);  however,  the  bast-ligneous 
bundles  are  already  affected  by  ligno-suberization  along  their  circumfer¬ 
ence  and  toward  the  upper  portion  of  the  lamina. 

Contrary  to  what  we  have  observed  so  far,  the  cicatrization  stratum, 
from  the  histological  viewpoint,  is  roughly  homogeneous  throughout  its 
entire  extent;  the  ligni f ication  here  has  the  same  intensity  throughout 
and  the  thickness  of  the  internal  tuberous  film  is  the  same  in  all  of  its 
elements. 
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As  in  Paulownia  impel  tails,  which  we  studied  in  the  preceding 
chapter,  it  is  not  differentiated  from  the  subcicatricial  lignlfied  stratum. 

When  it  does  exist,  the  periderm  of  the  stem  ends  a  little  below 
the  separating  stratum  (pd,  Figure  29). 

The  ligno-suberization  of  the  cells  of  the  pulvinus  begins  early 
in  August  in  the  pulvinl  of  the  leases  situated  at  the  base  of  the  shoots, 
a  little  later  than  in  the  others.  The  protoplasm  he :a  first  of  all  becomes 
a  little  denser  and  the  starch  becomes  more  abundant.  The  impregnation  of 
the  walls  with  lignin  and  suberin  comes  next;  it  begins  along  the  entire 
circumference  of  the  pulvinus,  against  the  separating  stratum  and  in  contact 
with  the  eplderm.  From  this  point  it  advances  at  the  same  time  toward  the 
bundles  and  toward  the  base  of  the  lamina:  the  starch  disappears  from  the 
cells  as  this  differentiation  becomes  mere  accentuated. 

The  formation  of  the  ligno-suberous  l.'yer  is  generally  terminated 
toward  the  end  of  September.  The  elements  of  the  bundles  are  still  intact 
at  that  time  and  the  circulation  is  not  obstructed  in  any  way.  Toward  the 
end  of  that  month,  the  few  thalli  appear  in  the  big  spiral  vessels,  since 
the  base  of  the  petiole  does  not  undergo  any  other  modification  all  the  way 
to  the  end  of  October,  which  is  the  usual  defoliation  time.  The  ligno- 
suberous  cicatrization  begins  to  reach  the  elements  along  the  circumference 
of  the  bundles,  in  the  vicinity  of  the  stratum  with  the  small  cells  indicated 
earlier,  sometime  before  the  usual  defoliation  time;  at  the  same  time,  this 
small-cell  stratum  develops  into  a  separating  stratum  through  the  increase 
in  the  density  of  its  protoplasm. 

The  functioning  of  this  separating  stratum  differs  just  a  little 
from  the  one  we  just  described  earlier.  Before  separation,  each  of  its  cells 
and,  consequently,  the  entire  stratum,  grow  longitudinally  only  about  1/5 
of  their  original  volume.  Besides,  although  their  cell  walls  fix  the  col¬ 
oring  substances  of  cellulose  a  little  more  energetically  than  the  rest  of 
the  parenchyma,  they  do  not  appear  to  be  mucilaginous;  they  are  not  swollen 
and  they  do  not  reveal  any  deformation  due  to  softening.  At  the  moment  the 
leaf  falls,  we  can  only  observe  how  these  cells  have  become  roundish  and  how 
the  intercellular  channels  become  wider;  this  happens  particularly  in  the 
upper  portion  of  the  stratum,  where  the  primary  pectic  membrane  is  dissolved 
not  only  in  the  corners  but  also  in  a  large  portion  along  the  circumference 
of  the  cells  which  are  thus  isolated  from  each  other  into  two  rows  (cs. 

Figure  31).  Were  or  there,  the  dissolution  may  even  occur  along  the  entire 
circumference  of  a  cell  and  this  cell  may  thus  be  completely  isolated  from 
the  others. 

The  separation  inside  the  separating  stratum  generally  occurs  from 
the  external  region  of  the  petiole  toward  its  internal  region.  Contrary 
to  what  happens  in  the  case  of  Paulownia  imperial! s,  the  cells  of  the 
two  dehiscence  surfaces  grow  very  little  longitudinally  and  in  the  opposite 
direction.  The  mechanical  pressure  which  is  exerted  on  the  base  of  the 
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petiole  is  therefore  very  small  and  it  must  be  supported  hitherly  by  the 
outside  factors  if  the  bundles  are  to  be  broken. 

The  leaf  scar  has  the  shape  of  a  semicircle  (ci ,  Figure  32)  in  whose 
center  we  can  see  a  fascicular  navel  slightly  in  relief,  naving  the  same 
shape  as  the  scar.  The  leaf  pulvinus  is  quite  protruding  here. 

After  the  leaf  falls  and  during  the  first  year,  the  only  change 
occurring  in  the  leaf  pulvini  involves  the  completion  of  the  cicatrization 
of  the  bundles.  This  happens  in  the  same  way  as  elsewhere  but  the  process 
here  is  very  incomplete:  the  gummy  lignin  here  is  almost  entirely  missing 
in  the  vessels  and  the  same  is  true  of  the  thalli;  only  some  of  their  paren¬ 
chymatous  elements,  especially  at  the  base  of  the  cicatrization  lamina,  are 
ligno-suberi zed;  most  of  them  remain  cellulosic;  after  their  death,  they 
take  on  a  dark  brown  color.  This  cicatricial  modification  in  the  bundles, 
although  very  minor,  descend  lower  than  that  in  the  surrounding  cortical 
parenchyma. 

As  in  the  types  which  we  studied  so  far,  the  cicatrization  here  is 
completed  during  the  second  year  with  the  establishment  of  a  cork  in  irmiedi- 
ate  contact  with  the  Ist-year  scar  stratum.  The  cork  grows  across  the 
bundles  in  the  same  way  as  in  Amorpha  fruticosa  and  it  curves  toward  the 
pulvinus.  At  the  end  of  the  second  year  it  is  rather  thin  and  consists  of 
only  three  or  four  layers  of  cells. 

6th  Type.  .Morus  nigra  L. 

In  Morus  nigra  the  cicatrization  is  completed,  before  the  leaf  falls, 
by  the  ligno-suberization  of  a  tissue  of  meristematic  origin. 

If  we  make  a  longitudinal  section  along  the  plane  of  symmetry  of 
the  petiole  at  that  time,  we  will  see  a  thick  ligno-suberous  lamina  growing 
across  the  entire  pulvinus  and  moving  only  around  the  bundles  (ss,  Figure 
33).  The  general  direction  of  this  cicatrization  stratum  is  almost  per¬ 
pendicular  to  that  of  the  petiole  but  it  has  a  slight  concave  area  in  its 
center.  Its  thickness  increases  slightly  from  the  inside  to  the  outside 
of  the  pulvinus  and  its  lower  boundary  is  situated  a  little  above  the 
place  where  the  leaf  is  inserted  into  the  stem. 

All  of  the  cells  of  the  pulvinus  which  make-up  this  stratum  are 
subdivided  one  or  more  times,  at  most,  however,  four  times,  depending  on 
whether  they  are  more  or  less  elongated  along  the  longitudinal  direction. 

In  this  meristematic  lamina  we  will  once  again  find  the  same  situation 
as  in  Paulownia  imperialis  as  far  the  size  of  the  new  cells,  the  distribu¬ 
tion,  and  the  thickness  of  the  new  walls  is  concerned;  however,  the  new 
walls  or  partitions  here  are  more  or  leas  regularly  oriented  along  the 
transversal  direction  (ss.  Figure  34). 

The  crystal-bearing  cells  in  this  region  never  subdivide.  (To  avoid 


-  43  - 


any  subsequent  repetitions,  I  would  like  to  point  out  right  now  that  this 
is  always  the  case  in  the  crystal-beari ng  cells,  regardless  of  whether  or 
not  they  are  inside  the  merlstematic  tissue,  the  separating  stratum,  the 
cicatrization  strati  n,  etc.)  The  same  is  true  of  the  epidermal  cells 
which  are  already  very  small  here. 

The  ligno-suberous  lamina  in  very  clearly  delimited  in  its  upper 
part  by  the  separating  stratum  on  which  it  borders;  it  is  also  very  clearly 
outlined  along  its  base  (ss,  Figure  34).  From  the  twin  viewpoint  of  ligni- 
ficatlon  and  suberification,  it  is  ordinarily  very  homogeneous  throughout 
all  of  its  parts.  Sometimes,  however,  the  suberization  --  at  the  base  of 
the  lamina  --is  limited  not  only  by  the  thin  internal  covering  stratum 
of  the  cells  but  also  slightly  impregnates  the  region  adjoining  their  walls. 

At  the  same  time,  the  elements  of  the  bundles  are  usually  not  affected 
by  the  ligno-suberization,  rot  only  when  these  bundles  grow  perpendicularly 
across  the  scar  stratum  but  also  when  they  circle  it  here  almost  horizon¬ 
tally.  (The  reunion  of  the  leaf  bundles,  prior  to  their  re-entry  into  the 
stem,  as  a  matter  of  fact,  takes  place  partly  on  the  le^el  of  the  ligno- 
suberous  stratum  and  partly  below  it;  it  is  thus  not  at  all  rare  to  see 
bundles  growing  across  this  stratum  almost  horizontally,  over  a  more  or  less 
considerable  length.  The  middle  leaf  bundle  has  a  very  curvy  outline  below 
the  various  cicatrization  strata  but  this  arrangement,  which  exists  on  the 
adult  leaf,  has  nothing  to  do  with  the  fall  of  the  leaf  (Figure  33).  I 
found  the  same  feature  in  this  middle  bundle  in  the  case  of  Morus  alba, 
Broussonetia  papyrifera,  Ficus  carica,  and  Celtis  occidentalis  (Figure  60).) 

Nevertheless,  ligno-suberization  may,  even  before  defoliation,  have 
reached  those  of  these  elements  which  are  closest  to  the  cortical  parenchyma. 
Besides,  all  of  the  primary  vessels  are  quite  full  of  thalli  from  a  short 
distance  above  the  separating  stratum  all  the  way  to  a  little  below  the 
ligno-suberous  stratum. 

In  the  case  of  Morus  nigra,  moreover,  we  have  a  lignif ication  of 
the  tissues  of  the  petiole  above  the  separating  stratum  (rs,  Figures  33, 

34,  37)  but  this  lignification  affects  only  one  or  two  layers  of  ceils. 

The  separating  stratum  is  made  up  of  three  or  four  layers  of  new 
cells  in  the  upper  portion  of  the  meristematic  stratum;  these  cells  have 
preserved  their  dense  protoplasm  and  uave  not  undergone  any  of  the  histo¬ 
logical  changes  observed  in  the  rest  o.  this  protoplasm.  The  protoplasm 
is  a  little  thicker  in  its  external  region  than  in  its  internal  region. 

The  cells  composing  it  are  not  necessarily  the  only  ones  that  result  from 
the  subdivision  of  the  primary  layer  of  the  pulvinus  to  which  it  owes  its 
origin  (as  we  can  see,  in  effect,  in  Figures  34  and  37,  cO;  one  original 
cell  of  this  latter  layer  may,  after  subdivision,  become  at  the  same  time 
involved  in  the  constitution  of  the  ligno-suberous  lamina  through  its  lower 
daughter  cells,  in  that  of  the  separating  stratum  through  its  middle  daughter 
cells,  and  often  even  in  that  of  the  lignified,  subcicatricial  stratum 
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through  its  upper  daughter  cells. 

This  is  the  situation  at  the  base  of  the  petiole  a  few  days  before 
defoliation. 

The  differentiation  of  the  ligno-suberous  lamina  begins  abn  ,t  one 
month  before  the  leaf  falls,  around  mid-September.  The  portion  of  'e  pul- 
vinus  which  becomes  involved  in  its  composition  proves  to  be  abundantly 
provided  with  starch.  The  subdivisions  appear  here  throughout  the  entire 
thickness  of  the  strata  at  the  same  time  but  they  are  from  the  very  beginning 
more  active  in  its  upper  portion.  Around  mid-October,  when  all  of  the  new 
partitions  have  been  formed,  the  ligno-suberization  begins  to  develop.  It 
starts  in  the  upper  portion  of  the  lamina  and,  at  the  same  time,  in  the 
vicinity  of  the  epiderm,  against  the  bundles  and  in  contact  with  numerous 
laticiferous  organs  which  traverse  this  region;  from  these  different  points 
it  rapidly  covers  the  entire  thicknes-  of  the  meristematic  stratum.  At  this 
moment,  likewise,  begins  the  proliferation  of  the  thalli  in  the  vessels. 

The  subcicatricial  lignified  stratum  is  differentiated  a  little 
later,  at  the  beginning  of  the  formation  of  the  separating  stratum  and  when 
the  latter  is  already  strongly  turgescent.  (This  seems  to  prove  that,  in 
the  case  of  Morus  nigra,  it  is  primarily  this  turgescence  which  acts  as  a 
stimulus  on  the  neighboring  tissues  of  the  petiole,  rather  than  the  cell 
division  that  occurred  earlier.) 

The  det'.chment  of  the  leaves  ordinarily  occurs  during  the  first  days 
of  November;  this  is  a  result  of  the  functioning  of  the  separating  stratum 
which  is  exactly  the  same  as  in  Koelreuteria  paniculata.  The  doubling  of 
the  walls  inside  this  stratum  begins  on  the  outside  of  the  petiole  and 
gradually  progresses  toward  its  inside. 

The  separating  stratum  is  slightly  concave  in  the  center  of  the 
pulvinus;  the  surface  of  the  fresh  scar  is  therefore  likewise  concave. 

The  fresh  scar  has  a  light-brown  color  due  to  tht  immediate  contact  of  the 
ligno-suberous  cicatrization  stratum.  Throughout  its  entire  surface  we 
can  observe  small  points  which  look  like  a  whitish  dust  and  which  are  due 
to  a  little  bit  of  dried  latex  coming  from  the  broken  laticiferous  organs; 
we  will  come  back  to  these  laticiferous  organs  later  on. 

The  cells  of  the  separating  stratum,  which  have  remained  attached 
to  the  pulvinus,  die  quite  soon  and  are  flattened  against  the  surface  of 
the  scar. 

The  scar  looks  like  an  ellipse  slightly  flattened  in  its  upper  por¬ 
tion  (ci.  Figure  35),  The  pulvinus  protrudes  very  much  and  extends  laterally 
in  the  form  cT  two  little  pouches  which  gradually  disappear  toward  the  middle 
of  the  outline  of  the  stem. 

After  defoliation,  the  constitution  of  the  ligno-suberous  cicatrisation 


lamina  only  undergoes  the  few  changes  described  in  this  paragraph  until 
winter  comes.  In  the  wood  of  the  bundles,  the  thalli  and  the  parenchymatous 
elements  are  ligno-suberized  in  their  turn  and  the  gummy  lignin  completes 
the  cicatrization  begun  by  the  thalli.  In  the  bast,  consisting  of  sieve¬ 
like  tubes  especially  on  this  level,  we  have  a  few  parenchymatous  elements 
which  are  likewise  ligr.o-suberized  but  this  cicatrization  is  quite  incom¬ 
plete  and  most  of  the  -.issue  therefore  continues  to  have  cellulose  walls. 

During  the  second  year,  cicatrization  is  completed  with  the  develop¬ 
ment  of  a  cork  below  the  ligno-suherous  strata  and  in  contact  with  them 
[at  the  point  where  they  are  in  contact] .  This  cork  appears  in  the  external 
region  of  the  pulvinus  where  it  connects  with  the  periderm  of  the  stem. 

It  is  very  thick  at  the  end  of  the  second  year  (lie,  Figure  35);  as  a  matter 
of  fact,  it  is  thicker  than  both  of  the  annual  strata  of  une  caulinary  peri¬ 
derm  that  develop  each  year.  As  in  most  of  the  preceding  oases  --  and  for 
the  same  reason  --it  cuts  the  bundles,  curving  more  or  less  downward.  It 
grows  across  the  vessels  in  the  same  fashion  as  in  Aristolochia  Sipho,  in 

other  words,  the  thalli,  located  on  r.he  level  of  its  generating  zone,  very 

often  become  involved  in  the  composition  of  this  latter  zone. 

In  most  of  the  pulvini,  the  cork  aerating  zone  also  produces  some 
phelloderm  toward  the  interior  (nh.  Figure  36).  The  latter  is  composed  of 
the  parenchymatous  cells  arranged  in  radial  files  at  angles  which  most  often 
are  quite  rounded:  (this  phelloderm  appears  as  I  diew  it  (Figure  77)  for 
Fraxinus  Ornus);  it  is  vary  thick  in  the  center  of  the  pulvinus  and  particu¬ 
larly  across  the  bundles  where  it  consists  of  5-7  cell  layers;  its  thickness 

diminishes  from  the  center  f0W^rd  the  surface,  near  which  it  ceases  to  exist. 
The  development  of  this  phelloderm  increases  the  spacing  between  the  portion 
of  the  bundles  includi-.;;  '  Ne  base  of  the  pulvinus  and  that  which  is  com- 
prired  in  the  first  e4 .strization  lamina,  although  both  of  them  continue  as 
a  prolongation  of  each  other. 

We  noted  earlier  that  the  phelloderm,  situated  below  the  scar  cork, 
is  more  or  less  developed,  depending  on  whether  the  ligno-suberous  cica¬ 
trization  extends  more  cr  less  deeply  Into  the  bundles  during  the  first 
year,  t'  is  to  say,  depending  on  whether  it  forces  the  scar  cork  gener¬ 

ating  so.  -  to  bend  more  or  less  downward,  toward  the  stem.  Thus  we  see 
that  --  while  this  cicatrization  occurs  at  the  same  level  as  in  the  cortical 
parenchyma  and  while,  consequently,  the  cork  grows  directly  across  the 
bundles  --  there  is  no  phelliderm  forming  below  it  [the  cortical  parenchyma]. 

When  an  axillary  bud  develops  and  gives  rise  to  a  shoot  during  the 
second  year,  the  subjacent  leaf  scar  splits  rather  early  and  quite  regularly 
into  two  parts  through  a  very  deep  longitudinal  opening.  The  scar  cork 
then  grows  below  the  wound  produced  by  this  new  injury  and  plunges  more 
deeply  into  the  tissues  of  the  pul’inus,  thus  forming  a  bay  in  which  a 
thick  phelloderm  always  develops. 
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Cicatrization  of  Laticiferoua  °rgans 


We  know  that  Morus  nigra  has  so-called  branching  milk-bearing  organa 
which  arc  particularly  numerous  in  the  cortical  parenchyma.  Their  cicatri¬ 
zation  is  evidenced  already  by  the  fact  that  there  is  no  flow  of  latex 
during  the  fall  of  the  leaf. 

Let  us  look  at  some  longitudinal  sections  of  the  base  of  the  petiole 
a  few  days  before  defoliation;  these  sections  were  so  made  that  the  milk¬ 
bearing  organs  could  be  observed  over  a  rather  long  distance.  Let  us  then 
successively  treat  them  with  carbon  disulfide  and  Javel  water  in  order  to 
relieve  the  latter  of  their  content.  Each  branch  of  the  milk-bearing  sys¬ 
tem  thus  cleaned  then  reveals  quite  clearly  two  partitions  which  close  them 
off  hermetically  (cl;,  cl2,  Figure  37),  one  of  them  above  the  separating 
stratum,  in  the  petiole,  and  the  other  below  it,  in  the  pulvinus.  These 
two  partitions  are  finger-shaped,  with  a  convex  area  pointing  toward  the 
separating  stratum;  that  is  to  say,  they  are  turned  toward  each  other. 

They  are  verv  thin  in  the  region  where  they  are  attached  to  the  wall  of 
the  laticifcrouc  organ  but  they  gradually  increase  in  thickness  until  the 
top  of  their  convex  area. 

In  response  to  reagents,  they  behave  like  the  walls  of  the  latici- 
ferous  organs  itself.  The  cellulose  coloring  substances  are  fixed  on  them 
and  a  little  more  energetically  on  the  "inside  face  of  the  concave  area; 
the  coloring  agents  of  pectic  substances  are  also  fixed  here  but  especially 
on  the  convex  surface  of  the  same  region.  When  treated  with  Schweizer 
reagent,  they  become  slightly  thinner  and  the  internal  portion  here  becomes 
entirely  dissolved;  in  the  rest  of  the  membrane,  the  coloring  agents  of 
pectic  substances  always  indicate  the  presence  of  this  latter  substance. 

From  these  observations  we  can  say  that  these  partitions  are  of  the 
same  kind  as  the  parenchymatous  tissue  walls,  with  one  difference,  however: 
a  thin  region  in  their  concave  area  is  entirely  cellulosic. 

Of  these  two  partitions,  the  one  which  developes  below  the  separating 
stratum,  grows  into  a  point  of  laticiferous  organs  generally  situated  in 
the  vicinity  of  the  underside  of  the  ligno-subercus  stratum,  either  below 
or  sometimes  a  little  above  (cl2.  Figure  37);  very  rarely  it  appears  in 
the  vicinity  of  the  separating  stratum;  in  these  latter  two  cases,  however, 
although  situated  in  the  middle  of  a  ligno-suberous  tissue,  it  remains 
pecto-cel lulosic  like  the  wall  of  the iaticiferous  organ  which  likewise 
does  not  change  at  the  level  of  this  tissue. 

The  second  of  these  partitions  --  the  one  which  develops  to  the 
petiole,  above  the  surface  of  leaf  separation  --  is,  on  the  other  hand, 
generally  placed  quite  far  from  this  surface  (.at  a  distance  which  is  con¬ 
siderably  greater  than  shown  in  Figure  37,  clj,  sometimes  7-8  tires  that 
distance).  It  never  forms  below  the  subcicatriciol  lignified  stratum 
(rs,  Figure  33)  opposite  which  it  appears  very  rarely. 
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In  one  of  the  many  samples  which  I  examined,  one  of  the  milk¬ 
bearing  organs,  by  way  of  exception,  revealed  two  partitions  instead  of 
one,  above  the  separating  stratum;  the  upper  one  only  had  a  thin  wall. 

The  occlusion  of  the  laticiferous  organs  always  causes  the  entire 
system  to  be  hermetically  closed  on  both  sides  of  the  dehiscence  surface. 

If  a  laticiferous  organ  should  indeed  ramify  either  above  or  below  this 
surface,  then  the  occlusion  may  occur  either  before  ramification  through 
a  single  partition  or  after  ramification  through  as  many  partitions  as 
there  are  branches  (cl,  Figure  34). 

What  we  have  said  so  far  in  connection  with  the  milk-bearing 
organs  is  the  result  of  observations  on  sections  whose  latex  had  been 
removed  in  advance.  I  also  studied  these  elements  after  having  fixed 
their  latex  in  order  to  be  able  to  examine  the  relationships  between  it 
and  the  obstructing  partitions. 

The  longitudinal  sections  in  the  base  of  the  petiole  show  us  then 
that  the  latex  is  directly  in  contact  with  the  partitions  and  that  it  is 
found  here  on  both  faces  (la,  Figure  39).  Generali,  however,  on  their 
convex  face,  it  ceases  to  be  granular  in  their  immediate  vicinity  and 
forms  a  very  refringent  mass,  which  is  very  distinct  and  which  has  a  very 
variable  shape  (bl.  Figure  39).  The  latter  --  which  is  more  or  less  of 
aluminous  —  may,  however,  also  !>e  absent  and,  in  this  case,  we  observe 
a  void  between  the  granular  latex  and  the  convex  surface  of  the  partitions. 

Between  the  finger-shaped  partitions  and  below  them,  in  the  pulvinus, 
the  latex  completely  fills  the  milk-bearing  organs.  Above  these  two  regions, 
in  the  yellowish  petiole,  ic  is  more  or  less  strongly  dried  out  and  con¬ 
tracted. 

This  is  the  occlusion  of  the  laticiferous  organs  at  the  time  the 
leaf  falls.  Let  us  now  see  how  this  occlusion  takes  place. 

It  we  cut  the  petiole  a  little  above  its  space,  about  1  cm  from  the 
latter,  around  the  middle  of  September,  and  if  we  make  this  a  transversal 
cut,  by  the  way,  we  can  see  that  the  latex  flows  very  actively  from  the 
two  faces  of  the  section.  At  the  beginning  of  October  --  in  other  words, 
when  the  subdivision  is  in  full  swing  in  the  stratum  which  will  constitute 
the  ligno-suberous  lamina  —  this  is  still  true  for  certain  petioles; 
however,  in  others  we  can  now  detect  only  a  very  difficult  flow  on  the 
portion  which  remains  attached  to  the  stem.  A  little  later,  the  flow  of 
latex  stops  completely  on  that  side  whereas  it  is  always  abundant  at  the 
base  of  the  cut  leaf  and  also  at  the  base  of  any  wound  inflicted  on  the 
stem  itself,  in  the  vicinity  of  the  pulvinus.  At  this  very  moment,  there¬ 
fore,  early  in  October,  the 'circulation  of  the  latex  is  impeded  in  the 
base  of  the  leaf. 

If  we  examine  the  longitudinal  sections  of  the  petiole  at  that  time, 
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we  no  longer  observe  any  of  the  finger-shaped  partitions  which  we  pointed 
out  earlier;  but  we  do  observe  the  existence  of  masses  of  this  refringent 
latex  which  we  mentioned  earlier  (bl,  Figure  38).  In  each  milk-bearing 
organ  we  can  see  two  of  these,  one  above  and  the  other  below  the  separating 
stratum  which,  at  that  time,  is  already  clearly  indicated  by  its  subdivi¬ 
sions  and  partitions.  If  we  slightly  press  on  the  cover  glass,  we  can  see 
that  the  latex  remained  motionless  between  the  two  masses  of  one  and  the 
same  laticiferous  organ  while  it  was  able  to  move  outside  of  them;  these 
two  masses  thus  act  like  a  stopper.  They  are  very  difficult  to  crush  and 
they  reveal  all  of  the  reactions  of  latex,  with  one  difference,  however: 
they  are  almost  insoluble  in  carbon  disulfide  and  they  are  very  difficult 
to  dissolve  in  Javel  water. 

After  the  stoppage  of  the  circulation  of  latex  through  the  forma¬ 
tion  of  these  stoppers,  we  can  observe  the  development  of  the  finger-shaped 
partitions  which  constitute  the  final  occlusion  of  the  milk-bearing  organs. 
I  was  not  able  to  determine  the  way  these  partitions  are  formed  with  any 
degree  of  certainty;  these  partitions  probably  develop  very  rapidly.  The 
youngest  ones  I  was  able  to  observe,  around  the  middle  of  October,  already 
were  finger-shaped,  just  the  way  they  are  at  the  moment  the  leaf  falls; 
however,  their  walls  were  still  very  thin.  Even  after  proper  cleaning  with 
latex  solvents,  I  did  not  note  any  nucleus  in  their  vicinity;  above  and 
below  it,  however,  the  protoplasm  was  more  condensed  than  in  the  rest  of 
the  laticiferous  organs  where  it  constituted  only  a  few  traces,  here  and 
there. 


In  almost  cases,  the  partitions  appeared  immediately  in  contact  with 
the  refringent  stoppers  so  that  their  convex  side  fits  very  closely  against 
the  latter  (cl,  Figure  39).  As  the  partitions  here  become  thicker  (as  far 
as  I  was  able  to  see  this  thickening  occurs  especially  on  their  concave 
side),  the  latex  stoppers,  on  the  contrary,  appear  to  diminish  on  their 
side  which  is  opposite  to  the  partition;  sometimes  they  then  disappear  com¬ 
pletely;  this  is  the  place  and  the  way  in  which  a  vacuum  then  develops 
in  their  place.  All  of  this  explains  that,  at  the  moment  of  defoliation  and 
depending  on  whether  the  partitions  are  formed  more  or  less  belatedly,  the 
occlusion  of  the  laticiferous  organs  reveals  the  different  states  which  I 
described  above. 

The  fact  that  the  finger-shaped  partitions,  during  their  formation 
and  growth,  are  in  intimate  contact  with  the  refringent  masses  of  latex 
and  that  these  masses  disappear  completely  or  partly  as  they  become  thicker, 
made  me  think,  first  of  all,  that  they  night  be  due  to  a  transformation  of 
these  refringent  masses.  At  no  time,  however,  do  the  reactions  of  these 
masses  in  any  way  recall  the  reactions  of  the  membranes  which,  as  I  said 
before,  are  entirely  pecto-cellulosic;  moreover,  these  masses  are  sometimes 
formed  at  a  certain  distance  from  the  stoppers  and  they  remain  separated 
by  a  more  or  less  long  unchanged  index  (finger)  of  latex. 

Summarizing  all  of  the  preceding  observations,  we  have  the  following 
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laticiferous  organ  cicatrization  process  in  Morus  nigra.  First  of  all, 
at  the  base  of  the  petiole,  in  each  milk-bearing  branch,  we  have  a  kind 
of  concretion  of  the  latex,  forming  two  plugs,  one  above  and  the  other 
below  the  separating  stratum.  This  first  modification  certainly  stops  the 
movement  of  the  latex  in  this  region  and  permits  the  formation  of  the  finger- 
shaped  partitions  which  constitute  the  real  closing  as  such.  The  formation 
of  these  partitions  would,  as  a  matter  of  fact,  be  very  difficult  in  an  ele¬ 
ment  as  unstable  as  latex.  This  is  undoubtedly  also  the  reason  why  these 
partitions  appear  almost  always  in  contact  with  or  at  a  small  distance  from 
the  plugs;  the  latex  is  certainly  much  more  stable  in  the  vicinity  of  these 
arresting  points.  These  partitions  are  probably  not  produced  as  the  result 
of  a  division  of  the  cell  nucleus;  instead  they  are  probably  due  to  the 
direct  secretion  of  protoplasm  which,  as  we  have  just  demonstrated,  is  more 
condensed  in  the  region  of  the  milk-bearing  organs,  where  they  [the  partitions] 
develop. 

This  means  that  the  finger-shaped  form  of  the  two  occlusion  partitions 
of  one  and  the  same  laticiferous  organ  is  probably  explained  much  more  accu¬ 
rately  by  the  pressure  which  the  iatex  exerts  on  each  of  them,  in  the  oppo¬ 
site  direction.  Perhaps  the  excitation,  caused  by  the  evolution  of  the 
separating  stratum  and  the  elongation  of  its  cells  toward  the  dehiscence 
surface,  also  helps  in  producing  the  convexity  of  the  partitions  in  the 
milk-bearing  organs. 

The  obstruction  membranes  always  are  finger-shaped  but  they  do  not 
always  have  the  regular  shape  which  we  indicated  earlier;  sometimes,  quite 
rarely,  by  the  way,  we  find  some  that  are  not  absolutely  convex  at  their 
top  but  more  or  less  flattened  (2,  Figure  40)  and  sometimes  they  are  even 
partially  folded  back  toward  their  concave  area  (1  and  3,  Figure  40). 

At  the  level  of  the  separating  stratum,  the  milk-bearing  organs 
are  finally  broken  as  a  result  of  the  growing  thickness  of  this  layer, 
just  as  it  happens  in  the  case  of  the  sieve-like  tubes  and  the  ligneous 
vessels  (la.  Figure  37).  At  the  level  of  the  scar  cork  which  forms  a 
little  further  down  during  the  second  year,  they  are  first  of  all,  very 
much  like  the  sieve-like  tubes,  constricted  by  the  compression  of  the 
cells  in  the  generating  zone;  then  they  are  stretched  and  finally  they  are 
broken  by  the  cork  so  that  the  latter,  from  here  on,  procedes  between  their 
extremities,  without  any  break  in  continuity. 

I  might  also  point  out  that  this  is  a  case  not  above  but  below  the 
finger-shaped  partition,  even  though  we  may  have  a  constriction  and  rupture 
due  to  the  cork  generating  zone.  In  this  case,  X  might  add,  these  phenom¬ 
ena  are  not  preceded,  as  we  might  expect,  by  the  formation  of  a  new  convex 
partition  on  a  lower  level.  In  effect,  it  is  the  normal  milk-bearing 
organ  which  is  thus  broken,  and  not  its  sacrificed  portion. 

7th  Type,  Aeaculua  Hippocastanum  L. 


As  in  the  case  of  Diospyros  virginiana  and  Morus  nigra,  we  still 
have  a  cicatrization  stratum  in  Aesculus  Hippocastanum;  this  cicatrization 
stratum  is  leftover  f?bm  the  autumn  defoliation  time  but  the  ligno-suberous 
lamina  is  here  very  much  reduced  and  is  already  accompanied  by  a  secondary 
cork  which  almost  all  by  itself  takes  care  of  the  cicatrization.  A  longi¬ 
tudinal  section  of  the  base  of  the  leaf,  a  few  days  before  it  ftlls,  shows 
us  a  cork  lamina  which  grows  across  the  entire  cortical  parenchyma  (lie, 
Figure  41). 

The  direction  of  this  cork  lamina  is  a  prolongation  of  that  of 
the  periderm  of  the  stem  (pd,  Figure  41)  and  it  is  therefore  very  oblique 
to  the  direction  of  the  leaf  bundles.  Its  thickness  is  greater  in  the  center 
of  the  cortical  parenchyma  where  it  consists  of  8-10  cell  layers  (lie, 

Figure  42);  the  thickness  diminishes  abruptly  at  its  point  of  contact  with 
the  periderm,  especially  in  the  external  and  lateral  regions  of  the  pulvinus. 
On  the  other  hand,  this  cork  ends  around  each  of  the  bundles,  curving 
slightly  upward.  Its  cells  are  in  all  points  similar  to  those  of  the  peri¬ 
derm.  Like  these  cells,  they  reveal  a  suberous  framework  which  is  not  at 
all  thick  and  a  strong,  hard  thickening  which  involves  only  their  internal 
middle  portion.  This  thickening,  moreover,  is  the  same  as  we  have  it  in 
the  periderm  of  the  stem  although  it  does  become  thicker  as  it  gradually 
forms  part  of  the  Innermost  cells. 

Above  and  in  direct  contact  with  the  Cork,  we  have  the  ligno-suberous 
lamina  which  is  formed  at  the  expense  of  the  cortical  parenchyma.  Opposite 
the  region  of  juncture  of  this  cork  with  the  periderm  of  the  stem,  at  the 
place  where  it  is  narrowest,  it  [the  lamina]  is  thicker  than  elsewhere  and 
compensates  for  the  weakness  of  secondary  suberous  cicatrization.  At  that 
point,  the  cells,  which  are  elongated  very  much  longitudinally,  have  in 
advance  been  partitioned  again  three  or  four  times.  The  ligno-suberous 
lamina  —  which  is  therefore  very  thick  above  the  narrowed  portion  of  the 
scar  cork  --  abruptly  loses  its  thickness  toward  the  interior  of  the 
petioles;  in  the  vicinity  of  the  bast-ligneous  bundles  it  consists  only 
of  two  or  sometimes  only  one  layer  of  cells  and  it  may  be  entirely  missing 
in  the  entire  middle  and  inside  region  of  the  cicatrization  lamina  (ss, 

Figure  41) . 

This  is  why  I  said  earlier  that  the  cicatrization  stratum  was 
almost  entirely  made  up  of  cork  in  Aesculus  Hippocastanum  and  before  defoli¬ 
ation. 


between  this  cicatrization  stratum  and  the  separating  stratum,  we 
have  a  lamina  of  sacrificed  parenchyma  which  does  not  undergo  any  change 
(ce,  Figure  41),  This  parenchyna  is  thicker  in  the  external  region  of 
the  pulvinus  where  it  averages  three-four  layers;  it  is  reduced  to  a  single 
layer  in  its  innermost  region. 

The  separating  stratum  consists  of  two  or  three  layers  of  cells 
that  have  not  been  subdivided  in  advance;  it  is  consequently  of  primary 
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origin,  as  in  the  case  of  Amorpha  fruticosa  (cs,  Figure  42),  As  in  several 
of  the  preceding  types,  we  have  in  the  petiole,  above  it,  a  reaction  on 
the  part  of  the  neighboring  tissues  and  this  is  expressed  by  the  lignifica- 
tion  of  their  walls  (rs,  Figures  41  and  42). 

Earlier  I  pointed  out  that  the  scar  cork  does  not  grow  across  the 
leaf  bundles  around  the  time  of  defoliation.  However,  these  leaf  bundles 
are  partly  cicatrized  by  the  ligno-suberization  of  those  of  their  cellulose 
elements  which  are  closest  to  the  cortical  parenchyma  and  which  are  located 
at  the  level  of  the  cicatrization  lamina.  Moreover,  the  vessels,  especially 
those  of  the  primary  wood,  are  abundantly  filled  with  thalli  throughout 
the  entire  base  of  the  petiole  and  to  a  point  very  near  their  re-entry  into 
the  caulinary  system. 

This  As  the  situation  of  the  base  of  the  leaf  a  few  days  before  the 
leaf  falls. 

The  cicatrization  lamina  (cork  and  ligno-suberous  tissue)  is  formed 
very  early. 

It  appears  at  the  end  of  June  in  those  leaves  which  are  at  the  base 
of  the  shoots  and  toward  the  end  of  July  it  is  already  partly  formed  in  all 
leaves. 


It  ordinarily  begins  to  appear  in  the  cortical  parenchyma,  halfway 
between  the  bundles  and  the  epiderm.  Here  it  forms,  first  of  all,  several 
areas  in  the  dorsal  region  of  the  petiole;  then  these  areas  are  connected 
to  each  other  and  the  lamina  thus  advances  in  the  form  of  a  circle  arc, 
around  the  bundles,  soon  meeting  again  in  the  internal  cortical  parenchyma; 
at  the  same  time  it  moves,  on  the  one  hand,  toward  the  bundles  and,  on 
the  other  hand,  toward  the  surface  of  the  petiole. 

At  the  beginning  of  the  differentiation  of  the  cortical  areas,  the 
thin  ligno-suberous  region  of  the  upper  part  is  differentiated  here  first 
and  afterward  below  and  against  it;  this  leads  to  the  appearance  of  sub¬ 
divisions  in  the  generating  zone  which  will  furnish  the  cork  toward  the 
outside.  The  areas  then  become  gradually  larger  and  ligno-suberization 
always  precedes  the  appearance  of  the  generating  zone  below  them. 

In  all  of  the  pulvini,  the  cork  lamina  is  completely  formed  toward 
the  middle  of  August.  At  that  moment  it  almost  has  its  final  thickness 
in  the  vicinity  of  the  cortical  parenchyma.  It  already  touches  the 
bundles  but  it  terminates,  around  the  circumference  of  the  pulvinus,  at 
a  certain  distance  from  the  periderm  of  the  latter,  with  which  it  does 
not  yet  come  into  contact.  At  that  time  there  is  no  indication  whatever 
of  the  separating  stratum. 

Toward  the  end  of  August  the  cicatrization  lamina  reaches  its  ulti¬ 
mate  thickness  but  it  always  leaves  the  bundles  intact  and  it  does  not  yet 
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make  contact  with  the  periderm  of  the  stem.  The  situation  remains  the 
same  up  to  the  end  of  September,  Only  then  does  the  scar  cork  generating 
zone  continue  to  advance  toward  the  surface  of  the  petiole,  preceded  by 
the  subdivision  and  the  ligno-suberization  of  the  external  cortical  paren¬ 
chyma;  now  only  than  does  it  unite  with  that  of  the  periderm  of  the  stem 
along  the  entire  circumference  of  the  petiole.  It  is  because  of  this 
belated  contact  that  the  cork  is  always  less  thick  than  anywhere  else, 
along  the  circumference  of  the  pulvinus;  in  the  end,  however,  the  greater 
thickness  of  the  ligno-suberous  tissue  in  this  region  here  gives  the  entire 
cicatrization  lamina  a  greater  thickness  than  anywhere  else. 

While  the  scar  cork  is  thus  completed  through  its  connection  with 
the  periderm  of  the  stem,  the  cell  stratum  which  will  be  separated  is  filled 
with  starch;  at  the  same  time  the  density  of  its  protoplasm  increases.  On 
the  other  hand,  the  subcicatricial  lignified  strata  is  differentiated  above 
it  in  the  petiole  as  of  the  moment  this  stratum  developes  its  individual 
characteristics.  It  is  around  this  time  that  the  thalli  proliferate  in 
the  vessels  and  that  the  ligno-suberization  gradually  reaches  the  elements 
of  the  bundles  in  the  pulvinus.  In  the  rest  of  the  leaf,  the  cells  die 
from  its  top  to  its  base,  all  the  way  to  the  separating  stratum,  and  defolia* 
tion  takes  place. 

The  mechanism  of  the  fall  is  identical  to  the  one  we  had  in  Amorpha 
fruticosa;  however,  the  walls  of  the  cells  making  up  the  separating  stratum 
are  not  at  all  thick;  their  middle  region  is  transformed  into  mucilage; 
it  inflates  and  dissolves  as  it  is  very  weak.  On  the  other  hand,  the 
growing  thickness  of  the  entire  stratum  is  more  considerable  before  the 
separation. 

The  leaves  fall  around  the  beginning  of  November  and  it  is  usually 
the  oldest  leaves  which  fall  first.  The  fresh  scar  has  a  bright  gray  color; 
it  is  shield-shaped  and  on  its  surface,  arranged  in  an  arc,  has  five-seven 
fascicular  navels  slightly  in  relief  and  decreasing  in  size  from  the  center 
of  this  arc  toward  the  extremities. 


Since  the  separating  stratum  is  almost  a  direct  continuation  of  the 
surface  of  the  stem,  we  do  not  have  a  pulvinus  as  such  here. 

The  Ist-year  cicatrization  of  the  bundles  occurs  in  all  cases,  after 
the  leaf  falls,  through  the  ligno-suberization  of  all  of  their  parenchymatous 
elements  at  the  level  of  the  cicatrization  lamina;  this  modification  extends 
more  or  less  deeply,  depending  on  whether  it  occurs  sooner  or  later.  The 
gummy  lignin  is  rare  in  the  vessels;  as  we  saw  earlier,  these  vessels  are 
already  almost  completely  plugged  by  the  thalli  before  the  leaf  falls. 

In  general,  the  ligno-suberization  ot  the  c lenient s  oi  the  ln»«ul I «s» 
is  the  only  cicatrization  which  occurs  here  at  the  end  of  the  first  year. 
Sovcv. imes,  however,  before  winter  co~cs  and  at  the  base  of  the  shoots, 
pri-.iri ly,  this  cicatrization  is  co-nleied  through  the  continuation  o:  the 
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cork  lamina,  across  Che  bundles  below  their  ligno-suberized  portion. 

In  this  latter  case  we  get  a  generating  zone  growing  across  these 
bundles;  this  zone  is  based  on  or  supported  by  that  of  the  cicatricial 
scar  at  the  point  of  curvature  which  it  describes  as  it  moves  up  along 
the  bast-ligneous  cords;  the  new  subdivision  is  established  across  all  of 
the  elements  except  the  sieve-like  tubes  and  the  vessels.  This  transfas- 
cicular  generating  zone  most  often  forms  a  slight  curve  toward  the  stem; 
this  curve  is  more  or  less  pronounced  depending  on  whether  the  ligno- 
suberlzation  of  the  elements  of  the  bundles  decends  more  or  less  downward, 
below  the  level  which  the  scar  cork  occupies  in  the  cortical  parenchyma. 

As  in  the  case  of  Aristolochia,  the  thalli  of  the  vessels  are  most  often 
Involved  in  the  composition  of  this  cork  (thp.  Figure  43). 

When  the  generating  zone  thus  grows  across  the  bundles  before  winter 
it  never  produces  more  than  two  or  three  layers  of  cork  whose  elements 
always  have  chin  walls  and  which  do  not  have  the  hard  thickenings  of  the 
cells  of  the  extra-fascicular  cork.  Often,  also,  it  manages  to  cross  only 
a  portion  of  the  bundles. 

During  the  second  year,  the  transfascicular  cork  generating  zone 
furnishes  a  new  stratum  of  cells,  the  first  of  whose  layers,  like  those 
during  the  preceding  year,  have  thin  and  suberous  walls,  whereas  the 
later  ones  have  more  of  the  hard  thickenings  of  the  cells  of  the  caulinary 
periderm.  When  the  cork  does  not  grow  across  the  bundles  or  when  it  grows 
across  them  rather  imperfectly  after  the  first  year,  it  does  so  during 
the  second  year  but  the  curve,  which  it  then  describes  across  these  bundles, 
is  always  more  accentuated. 

In  the  bast  of  the  fibers  of  Aesculus,  we  have  a  small  number  of 
articulated  laticiferous  organs.  At  the  base  of  the  petiole,  these  milk¬ 
bearing  organs  have  cells  that  are  shorter  than  anywhere  else.  As  the 
ligno-suberization  of  the  bundles  developes  gradually,  after  the  leaf 
fa1 Is  or  sometimes  even  before  it  falls,  these  milk-bearing  organs  are 
partitioned  transversal ly  once  or  twice  at  the  level  of  the  cicatrization 
lamina  and  they  are  ligno-suberized  like  the  parenchyma.  During  the  for¬ 
mation  of  the  cork  across  the  bundles,  these  milk-bearing  organs  may  some¬ 
times  be  crushed  but  most  often  they  subdivide  at  the  level  of  the  generating 
zone  and  they  participate  i'>  its  composition.  (Figure  78,  which  I  do  to 
illustrate  the  luticifcrous  organs  of  Acer  campestre,  also  shows  what  goes 
on  in  the  case  of  Aesculus.) 

8th  Type.  Forsythia  suspense  Vahl. 

In  Forsythia  suspense  we  find  a  cicatrization  which  is  even  more  com¬ 
plex  than  in  Aesculus;  this  cicatrization  is  found  at  the  moment  the  leaf 
falls. 

Here,  in  effect,  we  note  a  double  cicatrisation  lamina  be’ov  the 
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separating  stratum;  this  cicatrization  lamina  is  quite  well  characterized; 
in  other  words,  we  have  here  a  complete  ligno-suberous  lamina  which  is 
doubled,  on  the  side  of  the  pulvinus,  by  a  scar  cork  (ss  and  lie.,  Figure 
44). 


The  general  direction  of  this  double  cicatrization  lamina  is  slightly 
oblique  to  that  of  the  re-entering  bundles;  its  lower  limit  is  almost  level 
in  the  external  cortical  parenchyma  and  it  curves  slightly  toward  the  stem 
in  the  internal  cortical  parenchyma. 

In  the  entire  external  and  lateral  region  of  the  pulvinus,  the  cork 
is  connected  to  the  periderm  of  the  stem,  curving  downward.  In  its  internal 
region,  it  is  connected  similarly  with  the  superficial  periderm  although 
this  time  it  curves  strongly  upward  (lie.  Figure  44). 

The  double  cicatrization  stratum  is  interrupted  by  the  foliar  bast- 
ligneous  system  in  the  same  way  as  in  Aesculus.  Sometimes,  however,  the 
ligno-suberization  already  reaches  a  portion  of  the  bundles  before  the  leaf 
falls;  but  the  cork  lamina  never  touches  them  before  this  period. 

The  ligno-suberous  portion  of  the  cicatrization  strata  is  entirely 
formed  of  unpartitioned  primary  tissue  (ss,  Figure  45).  Here  the  lignifi- 
cation  is  very  homogeneous  throughout  its  entire  thickness  and  che  internal 
suberous  film  of  the  cells  here  is  a  little  thicker  than  in  the  preceding 
case. 


The  separating  stratum  is  found  in  direct  contact  with  the  ligno- 
suberous  tissue;  like  the  latter,  it  is  not  of  meristematic  origin;  on 
the  average  it  consists  of  only  two  or  three  cell  layers  (cs.  Figure  45). 
Slightly  concave  in  the  cortical  parenchyma  around  the  bundles,  it  rises 
slightly  toward  the  petiole  as  it  crosses  these  bundles. 

As  in  the  case  of  Diospyros  virginiana  and  Paulownia  imperialis, 
there  is  no  trace  of  lignif ication  above  the  separating  stratum  at  the  base 
of  the  petiole. 

No  thallus  is  produced  in  the  vessels  of  the  leaf  scar  before  the 
leaf  falls. 

The  cicatrization  stratum  begins  to  differentiate  at  the  beginning 
of  September.  The  ligno-suberous  portion  appears  first.  The  histological 
modification  of  the  cells  in  this  portion,  followed  by  the  disappearance 
of  their  content,  begins  almost  at  the  same  time,  against  the  external 
and  lateral  surface  of  the  pulvinus  and,  in  the  Internal  cortical  paren¬ 
chyma,  against  the  bundles.  From  these  two  regions  it  advances  at  tho 
same  tine  toward  the  bundles  and  the  inner  side  of  the  pulvinus.  Soot: 
the  ligno-suberous  lamina  is  completely  differentiated  throughout  the 
entire  extent  of  the  petiole.  Only  then  does  the  secondary  cork  generating 
zone  develop  below  end  against  it.  Thus  the  llgno-subercu*  portion  of  the 
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scar  lamina  is  formed  completely  before  its  secondary  suberous  portion. 

The  latter  is  detached  from  the  periderm  in  the  external  region  of  the 
pulvinus;  it  moves  toward  the  bundles,  goes  around  them  without  touching 
them,  and  then  continues,  on  the  other  side,  all  the  way  to  the  internal 
periderm.  It  includes  4-6  layers  of  cells  before  defoliation;  its  gener- 
atirg  zone  ceases  to  function  at  that  time;  its  cells  are  flat,  like  those 
ot  the  caulinary  periderm  and,  as  in  the  latter,  it  may  be  accompanied  by 
one  or  two  parenchymatous  phellodermic  layers. 

The  leaves  are  generally  detached  during  the  second  half  of  October. 
The  cells  of  the  separating  stratum  are  characterized  at  that  time  in  the 
same  fashion  as  in  the  preceding  types.  As  in  the  case  of  P'ospyros 
virginiana,  the  cells  of  this  stratum  are  separated  without  any  prior 
swelling  and  they  are  detached  by  the  simple  dissolution  of  the  intermediate 
[dividing]  pectic  membrane.  As  in  the  other  cases  which  I  have  lust  mcn= 
tioned,  there  is  still  almost  no  growth  on  the  part  of  the  two  separated 
layers  in  the  opposite  direction. 

At  the  moment  of  defoliation,  the  wound  left  behind  by  the  falling 
leaf  is  already  completely  cicatrized  by  a  double  primary  ligno-suberous 
and  secondary  suberous  lamina,  except  on  the  level  of  the  bundles.  The 
form  of  the  leave  scar  (ci.  Figure  46)  is  triangular  and  the  points  are 
quite  rounded.  This  scar  is  topped  by  two  or  three  big  buds  arranged 
in  a  radial  line.  A  fascicular  node  in  relief  then  appears  in  its  center. 
The  pulvinus  protrudes  very  much  and  has  three  small  swellings  (pads)  which 
shoot  off  at  angles  from  the  scar  and  descend  up  to  a  certain  distance 
below  it,  along  the  internode. 

After  the  leaf  falls,  the  only  changes  that  occur  on  the  level  of 
the  scar  strata  are  found  inside  the  bundles.  The  cork,  it  is  true,  never 
crosses  the  latter  during  the  first  year  but  the  ligno-suberization  reaches 
thtir  parenchymatous  elements  to  a  very  great  distance  belcw  the  double 
cicatrization  stratum.  No  thalli  develop  in  the  vessels  but  the  latter 
are  entirely  plugged  up  by  the  gummy  lignon.  The  latter  develops  only 
at  the  level  of  the  cicatrization  strata. 

During  the  second  year  the  scar  cork  grows  across  the  bundles 
(lie.  Figure  47),  forming  a  very  accentuated  curve  toward  the  stem.  Its 
thickness,  at  the  end  of  the  second  year,  is  considerable  in  this  region 
of  the  curve,  even  more  considerable  than  both  of  the  annual  two  strata 
of  the  rest  of  the  scar  cork.  The  general  direction  of  the  growth  of 
this  cork  is  so  arranged  that  the  portions  removed  from  the  bundles  [the 
distant  pore  ions  of  the  bundles]  ,'.re  in  the  same  prolongation. 

Sometimes  the  periderm  of  the  stem  transforms  its  last  layer  into 
sclerites,  toward  the  end  of  the  second  year;  in  this  case,  that  [the  layer] 
of  the  scar  cork  is  always  modified  in  the  same  fashion. 

When  a  bud  develops  above  a  scar,  the  latter  sometimes  is  not 
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altered;  more  often,  however,  the  growth  of  the  base  of  the  bud  forces 
the  scar  to  split.  The  rupture  occurs  very  regularly  along  two  small 
lateral  cracks  on  either  side  of  the  navel,  between  the  three  small 
pouches  of  the  pulvinus.  The  edges  of  these  cracks  are  never  far  apart; 
however,  while  the  new  wound  developes  below  the  cicatrization  strata 
of  the  first  year,  the  scar  cork  grows  below  the  exposed  surfaces. 

9th  Type.  Alnus  glutinosa  Gaertn. 

Alnum  glutinosa  is  an  example  of  the  greater  complexity  of  differ¬ 
entiation  of  the  scar  tissues  of  the  pulvinus  at  the  moment  the  leaf  falls. 

Longitudinal  sections  in  the  base  of  the  petiole  made  several  days 
before  defoliation  revealed  the  presence  of  a  double  cicatrization  lamina 
as  in  the  case  of  Forsythia  suspensa  (ss  and  lie.  Figure  48);  however,  this 
double  lamina  differs  essentially  from  that  in  the  former  species  in  that 
its  lij;no-suberous  portion  is  of  meristematio  origin. 

The  partitions  [subdivisions]  (ss.  Figure  49)  are  very  numerous  in 
this  part  of  the  scar  stratum  and  they  are  very  similar  to  those  which  we 
mentioned  in  connection  with  Paulownia  imperialis  and  Morus  nigra;  however, 
they  are  here  less  abundant  toward  the  top  and  they  become  more  and  more 
abundant  toward  the  bottom.  Besides,  as  they  increase  in  frequency  toward 
the  lower  region  of  the  cicatrization  lamina,  they  also  turn  up  more  regu¬ 
larly  in  a  t-ansversal  fashion,  especially  in  the  elongated  cells  of  the 
external  region  of  the  cortical  parenchyma;  thus  we  have  a  rather  imper¬ 
ceptible  transition  from  the  upper  portion,  in  which  the  partitions  are 
irregular,  to  the  lower  co'k,  where  all  of  the  partitions  are  transversal 
(lie.  Figure  49'.  Along  the  entire  external  circumference  of  the  pulvinus, 
the  lamina  of  scar  cork  connects  with  the  periderm  of  the  stem  below  its 
termination,  forming  a  very  acute  angle  with  it  (lie.  Figure  48),  so  that, 
in  this  region,  the  upper  limit  of  the  double  cicatrization  lamina  is 
almost  perpendicular  to  the  direction  of  the  petiole;  this  double  lamina 
thuu  toi.i.s  a  wedge  along  the  dorsal  side  of  the  pulvinus. 

The  thickness  of  each  of  the  two  cicatrization  strata  diminishes 
as  we  go  from  the  outside  toward  the  inside.  The  diminution  of  the  cork 
very  otten  reduces  the  latter,  in  the  vicinity  of  the  inside  corner  of 
the  petiole  and  the  stem,  to  a  single  layer  of  cells;  sometimes  it  even 
causes  it  to  disappear  a  short  distance  from  that  legion  (lie,  Figure  48). 


Between  the  separating  stratum,  composed  of  two  or  three  layers 
of  cells,  and  the  cicatrization  lamina,  we  Pave  a  stratum  of  sacrificed 
parenchyma  which  also  reveals  several  meristematic  re-subdivisions  and 
which,  consisting  of  two  or  three  layers  in  the  external  region  of  the 
petiole,  diminishes  in  thickness  as  it  approaches  the  leaf  bundles;  in 
the  end,  it  is  completely  absent  in  the  internal  cortical  parenchyma  where 
the  separating  stratum  is  in  direct  contact  with  tne  cicatrization  lamina 
(ca.  Figure  48). 
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The  separating  stratum  itself  loses  thickness  from  the  outside 
toward  the  inside  of  the  pulvinus.  In  this  latter  region,  it  is  reduced  to 
two  or  even  one  single  layer  of  cells. 

The  subdivisions  which  we  mentioned  in  connection  with  the  scar 
strata  and  in  the  sacrificed  tissue  do  not  meet,  except  at  these  two  levels; 
we  can  still  detect  some  of  them  in  the  separating  stratum  and  even  in  the 
subcicatricial  lignified  region  which,  in  the  species,  is  not  at  all  thick 
and  very  little  lignified. 

Throughout  the  entire  base  of  the  petiole  and  before  the  leaf  falls, 
we  have  many  thalli  inside  the  vessels,  especially  in  those  of  the  primary 
wood.  Certain  secondary  vessels  may  already  have  some  gummy  lignin  inside 
them  at  the  level  of  the  cicatrization  strata  and  even  higher  up  in  the 
petiole.  Finally,  almost  always,  a  large  portion  of  che  bast-ligneous 
bundles  has  already  been  invaded  by  the  ligno-suberization  but  they  are 
never  touched  by  the  scar  cork  before  defoliation. 

As  in  the  case  of  Forsythia  suspensa,  the  double  cicatrization 
lamina  forms  long  before  the  leaf  falls.  The  subdivisions  in  the  portion 
of  the  pulvinus  which  turns  into  the  ligno-suberouu  part  appear,  around 
the  middle  of  August,  almost  at  the  S2me  time  throughout  the  entire  width 
of  the  pulvinus  and  especially  at  the  base  of  the  lamina.  As  in  the  case 
of  Morns  nigra  and  Paulownia  imperialis,  the  division  of  the  cells  of  this 
stratum  is  neither  preceded  nor  followed  by  any  intercalary  growth. 

Toward  the  end  of  August,  the  l.gno-suberization  of  the  elements 
appears  in  the  outside  region  of  the  pulvinus;  it  then  spreads  rapidly  across 
the  entire  organ,  avoiding  only 'the  bundles.  Contrary  to  what  happens  in 
the  case  of  Forsythia  suspensa,  the  secondary  suberous  portion  of  the  double 
cicatrization  lamina  does  not  wait  fo:  the  completion  of  the  ligno-suberous 
portion  before  it  starts  forming;  its  generating  zone,  in  effect,  is  devel¬ 
oped  below  the  ligno-suberous  portion  as  iigno-suberization  progresses 
here.  Starting  a*:  the  end  of  September,  the  scar  stratum  is  entirely 
formed  so  that  it  is  there  for  us  to  see  at  the  moment  the  leaf  falls, 
although  at  that  moment  it  still  leaves  the  bundles  intact. 

Generally  defoliation  does  not  occur  until  the  end  of  October. 

Sometime  before  that  period,  the  thaiii  proliferate  in  the  vessels  while 
ligno-suberization  invades  the  parenchymatous  elements  of  the  bundles. 

As  we  pointed  out  earlier,  the  separating  stratum  is  partly  of 
meristematic  origin.  The  separation  occurs  inside,  as  in  the  case  of 
Amorpha  fruticosa;  however,  in  the  innermost  portion  of  the  pulvinus,  where 
it  is  often  made  up  only  of  a  single  cell  layer,  we  do  have  a  rupture  in 
the  longitudinal  walls  while  the  leaf  is  separated;  this  rupture  is  of  the 
kind  we  mentioned  in  the  case  of  Aristolochia  Sipho. 

The  macled  cells  with  calcium  oxalate  are  numerous,  at  the  base  of 
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the  petiole,  in  the  parenchyma  where  the  cicatrisation  stratum  develops 
These  cells  which,  at  the  moment  of  differentiation  of  the  scar  tissues, 
still  contain  traces  of  protoplasm,  however,  do  not  subdivide,  like  their 
neighbors;  instead  they  are  ligno-suberized,  like  their  neighbors.  Each 
of  them,  in  effect,  then  has  lignified  walls  and,  on  its  inside,  it  has 
a  thin  suberous  film  which  covers  not  only  the  inside  surface  of  the  cell 
wall  but  also  the  thin  enveloping  membrane  of  the  made  and  the  points 
which  connect  this  membrane  to  the  walls  of  the  crystal-bearing  cell 
Cev,  Figure  50). 

After  the  leaf  falls,  the  leaf  seal  reveals  three  fascicular  navels 
in  relief.  The  ligno-suberization  of  the  parenchymatous  elements  of  the 
bundles,  which  began  even  before  defoliation,  is  completed  after  the  latter 
and  extends  well  below  the  cicatrization  strata  (the  dotted  line  H,  Figure 
48,  indicates  the  limit  of  this  differentiation).  The  gummy  lignin  con¬ 
tinues  to  be  deposited  in  the  vessels  where  there  are  no  thalli;  but  the 
cicatrization  of  the  vascular  apparatus  occurs  primarily  through  these 
thall*  , 


The  scar  cork  lamina  in  the  meantime  has  stopped  growing  thicker 
even  before  the  leaf  falls;  in  addition,  it  never  grows  across  the  bundles 
during  the  firsc  year. 

The  changes  occurring  in  the  leaf  pulvini  during  the  second  year  are 
the  same  as  in  the  case  of  Forsythia,  wich  one  difference,  however:  the 
cork  here  is  not  as  thick  across  the  bast-ligneous  tissues  and,  since  the 
general  direction  of  tr.is  cork  is  oblique  to  that  of  the  bundles,  their 
portion  on  the  inside  of  the  ligno-suberous  lamina  does  not  constitute  a 
prolongation  of  their  lower  portion,  as  in  the  case  of  Koelreuteria. 

10th  Tyne.  Spiraea  opuli folia  L. 

The  feature  that  characterizes  the  type  Spiraea  opulifolia,  most  of 
all  is  a  special  disposition  of  the  cicatrization  tissue  whose  cause  resides 
in  the  fact  that  the  periderm  is  developed  here  very  deep  inside  the  stem 
and  the  leaf  pulvinus,  in  contact  with  the  bast. 

If  we  examine  longitudinal  and  transversal  sections  of  the  base 
of  the  petiole,  at  a  time  when  the  periderm  of  the  stem  is  already  well 
developed,  that  is  to  say,  toward  the  end  of  the  summer  and,  consequently, 
quite  sometime  before  the  leaf  falls,  v?e  notice  the  following  arrangement. 
Instead  of  being  superficial,  as  in  the  earlier  cases,  and  instead  of  con¬ 
stituting,  at  the  base  of  the  petiole,  a  single  wide  opening  through  which 
the  majority  of  the  tissues,  coming  out  of  the  leaf,  must  pass,  the  cauli¬ 
nary  periderm  is  very  deeply  located  behind  the  bast  and  has  three  very 
small  openings  through  which  pass  only  the  three  leaf  bundles.  The  sides 
of  these  openings  extend  upward,  against  the  surface  of  the  bundles,  forming 
around  each  of  them  a  peridermic  sleeve  of  a  certain  length  (mp,  Figures  51 
and  52).  (We  might  note  that  this  periderm,  which  is  so  deep  in  the  stem, 
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disappears  in  the  the  base  of  the  axillary  bud,  becoming  superficial  at 
this  point,  as  shown  in  B,  Figure  51.) 

Except  for  this  arrangement  of  the  periderm  at  the  base  of  the 
petiole  --  an  arrangement  which,  as  we  shall  see  later  on,  modifies  the 
ultimate  state  of  cicatrization,  the  phenomena  which  come  before  the  fall 
of  the  leaves  are  pretty  closely  related  to  those  which  we  pointed  out  in 
the  Paulownla  imperialis  type. 

The  separating  stratum  developes  a  little  above  the  termination  of 
the  circumfascicular  peridermic  sleeves  (cs.  Figure  51)  and  its  surface  is 
irregular.  As  a  matter  of  fact,  this  surface  is  quite  noticeably  trans¬ 
versal  in  the  internal  cortical  parenchyma  where  es  it  crosses  the  external 
cortical  parenchyma  obliquely  from  top  to  bottom. 

The  meristematic  action  is  very  energetic  in  the  separating  stratum; 
here  we  may  have  as  many  as  eight  subdivisions  and  sometimes  even  more 
(cs.  Figure  53).  Below  it,  in  the  pulvinus,  we  also  have  a  cell  division 
but  it  is  less  intensive  and  the  thickness  of  the  tissue  which  it  involves 
is  quite  small.  Above  it,  in  the  base  of  the  petiole,  contrary  to  what  we 
saw  in  the  case  of  Paulownia,  the  meristematic  action  can  be  observed  also 
(rs.  Figure  53)  up  to  a  distance  that  is  much  more  considerable  than  below 
and  whose  intensity  diminishes  as  we  go  from  the  separating  stratum  upward. 

In  the  end  and  before  the  leaf  falls,  this  thick  subdivided  portion  of  the 
petiole,  above  the  dehiscence  surface,  undergoes  lignification  comparable 
to  the  one  we  just  pointed  out  in  some  of  the  earlier  types  although  the 
thickness  is  always  smaller.  The  cicatrization  of  the  wound,  which  takes 
place  after  the  leaf  falls,  is  very  incomplete.  As  a  matter  of  fact,  there 
is  no  ligno-suberization  of  the  cortical  parenchyma  in  the  pulvinus;  this 
process  can  otherwise  be  observed  at  almost  all  of  the  outside  levels  of  the 
periderm.  It  is  the  remnants  of  the  thick  separating  stratum  as  well  as  the 
subjacent  tissue  of  meristematic  origin  which,  becoming  more  or  less  flattened 
out  at  the  surface  of  the  pulvinus,  constitute  the  only  protection  for  the 
wound  here. 


During  the  first  yeai;  the  fascicular  system  is  protected  on  the  outside 
by  the  peridermic  sleeves  (muffs);  during  that  year,  this  system  is  more  or 
less  subjected  to  the  action  of  outside  factors  along  its  rupture  surface 
because  we  get  a  very  weak  ligno-suberization  of  the  elements  and  a  deposit 
of  gummy  lignin  in  the  vessels  only  very  rarely;  these  two  types  of  modifi¬ 
cations  occur  elsewhere,  not  in  the  immediate  vicinity  of  the  wound,  but 
at  the  base  of  the  sleeves. 


During  the  second  year,  the  scar  cork  is  differentiated  only  across 
the  bundles;  it  developes  below  their  more  or  less  ligno-suberized  zone 
(lie,  Figure  54),  and  its  generating  zone  connects  with  that  of  the  periderm 
of  the  stem.  Starting  at  that  moment,  the  generating  zone  for  the  peri  fas¬ 
cicular  sleeves  ceases  to  function. 
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(Although  they  do  not  directly  involve  the  cicatrization  of  the 
pulvinus,  I  believe  that  I  ought  co  point  out  the  following  facts:  while 
the  axillary  bud  aborts  and  dies,  there  deveiopes,  below  it  a  periderm 
which,  on  the  one  hand,  connects  with  the  scar  cork  of  the  leaf  bundles 
and,  on  the  ocher  hand,  with  the  periderm  of  the  upper  internode  of  the 
stem.  In  the  opposite  case,  the  bud  either  remains  dormant  or  it  furnishes 
a  shoot;  we  can  then  observe  the  development  of  a  deep  periderm  behind  the 
superficial  periderm  of  the  bud.  It  is  therefore  this  deep  periderm  which 
then  connects  with  the  scar  cork  of  the  leaf  bundles;  Po,  Figure  54.) 

This  type  is  thus  distinguished  from  the  preceding  ones  primarily 
by  the  fact  that  --  below  the  wound  —  there  is  no  scar  cork  being  differ¬ 
entiated  across  the  cortical  parenchyma.  The  plant,  in  effect,  uses  in 
the  leaf  pulvinus  the  same  method  of  protection  as  in  the  stem  because,  is 
in  the  latter  organ,  it  sacrifices  the  entire  cortical  parenchyma  and  pro¬ 
tects  only  the  central  cylinder  through  the  periderm  or,  at  least,  the 
bundles  which  are  its  extension.  This  is  why  only  the  latter  are  effec¬ 
tively  cicatrized  during  the  2nd  year. 

11th  Type,  Hamamelis  vlrginiana  L. 

In  all  of  the  preceding  types  we  were  concerned  only  with  the  means 
of  cicatrization  which  develop  in  relation  to  the  wound  itself,  resulting 
from  the  fall  of  the  leaf.  The  type  Hamamelis  virginiana  is  characterized 
by  the  formation  of  a  new  surface  of  dehiscence  behind  the  first;  this 
phenomenon  I  called  the  "revival  of  cicatrization"  (Tison,  A.,  "On  the  Fall 
of  Leaves  and  the  Cicatrization  of  the  Wound,"  C,  R.  de  l'Acad.  d.  Sc.. 

19  June  1899).  I  will  also  show  that  it  is  a  good  idea  to  tie  the  case 
of  the  marcescent  leaves  in  with  this  type. 

In  anything  that  does  not  pertain  to  the  revival  of  cicatrization, 
Hamamelis  virginiana  can  be  very  easily  related  to  the  type  Koelreuteria, 
with  the  following  modifications. 

The  separating  stratum  is  derived  from  a  single  layer  which  is  sub¬ 
divided  on  the  average  two  or  three  times  in  the  dorsal  region  of  the 
petiole  and  only  once  in  its  internal  region.  It  is  consequently  made  up 
of  three  or  four  layers  of  new  cells  in  the  first  and  of  only  two  layers 
in  the  second.  It  is  rare  for  the  periderm  of  the  stem  to  grow  up  along 
the  pulvinus,  to  the  detachment  surface;  the  epiderm  almost  always  subdivides 
like  the  cortical  parenchyma,  at  the  level  of  the  separating  stratum.  These 
subdivisions,  which  are  mostly  one  in  number  or  very  rarely  two,  involve  only 
a  single  or  only  two  rows  of  epidermal  cells,  depending  on  whether  they  are 
larger  or  smaller. 

As  in  the  case  of  Koelreuteria,  we  get  a  lignif ication  of  the  tissues 
of  the  petiole  above  the  separating  stratum  but  it  is  not  at  all  accents  ted 
(rs,  Figure  55). 
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During  Che  first  year,  the  cicatrization  of  the  tissues  of  the  pul- 
vinus  completely  recalls  that  of  Koelreuterla;  it  forms  a  lamina  which  is 
similarly  ligno-suberous  at  the  base  and  which  is  only  ligneous  near  its 
upper  face.  1  might  mention  that  I  was  twice  able  to  observe  a  thallus, 
passing  from  one  vessel  to  the  other,  in  the  bundles  (th.  Figure  56). 

The  changes  which  occur  in  the  leaf  pulvini,  during  the  second  year, 
are  much  more  complex  than  those  we  observed  so  far  and  these  are  the  changes 
which  characterize  this  particular  type. 

Revival  of  Cicatrization 


Toward  the  end  of  February,  in  the  case  of  some  of  the  leaf  pulvini, 
and  in  the  month  of  March,  for  most  of  them,  we  get  a  series  of  modifica¬ 
tions  below  the  cicatrization  lamina  from  the  first  year  (ligno-suberous 
stratum);  these  changes  lead  to  che  establishment  of  a  new  separating 
stratum.  This  stratum  is  similar  to  the  one  which,  during  the  preceding 
year,  caused  the  leaf  to  fall  in  autumn;  but  it  differs  from  it  in  that 
it  is  not  preceded  by  a  meristematic  subdivision  and  that  it  therefore 
resembles  the  autumn  separating  stratum  of  the  type  Amorpha  fruticosa. 

The  new  dehiscence  surface  runs  parallel  to  the  surface  of  the  scar 
and  is  located  a  little  above  the  axillary  corner  of  the  pulvinus.  It 
develops,  not  in  contact  with  the  ligno-suberous  lamina,  but  a  little 
below,  leaving  a  thin  lamina  of  parenchyma  between  it  and  the  latter. 
Consisting  of  three  or  four  layers  of  cells  in  the  dorsal  region  of  the 
pulvinus,  the  new  separating  stratum  gradually  loses  thickness  toward  the 
interior  and  usually  even  ceases  to  exist  a  short  distance  from  its  axillary 
side. 


Inside  this  stratum,  the  separation  of  cells  occurs  in  the  same 
way  as  inside  the  autumn  separating  stratum  of  the  type  Amorpha.  The 
different  phases  of  the  phenomenon  here  are  even  easier  to  observe  because 
they  occur  very  slowly,  contrary  to  what  happens  when  the  leaves  fall. 

The  new  separating  stratum  begins  to  differentiate  in  the  vicinity 
of  the  bast  of  the  bast-ligneous  leaf  system.  It  extends  from  this  point 
across  the  bundles  at  the  expense  of  their  parenchymatous  elements  and 
across  the  rest  of  the  pulvinus;  the  separation  then  occurs  on  the  inside, 
following  the  same  progression.  In  the  epidermal  cells  we  can  observe 
the  same  changes  at  the  expense  of  the  cellulose  portions  of  their  wall, 
after  the  rupture  of  the  cuticle. 

As  we  observed  earlier,  all  of  these  changes  occur  slowly.  The 
longitudinal  growth  of  the  separated  cells  of  the  separating  stratum 
ordinarily  occurs  only  toward  the  end  of  March.  It  cause?  the  progressive 
removal  of  the  original  cicatrization  lamina  from  the  rest  of  the  pulvinus 
by  breaking  the  vessels  and  the  sieve-like  tubes,  however,  this  lamina 
is  still  retained  by  the  thin  internal  region  which  has  not  been  traversed 
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by  the  separating  stratum  and  it  therefore  does  not  become  detached.  At 
this  time  we  can  therefore  (Figure  57)  observe  certain  kinas  of  small 
valves  which  are  raised  in  the  manner  of  a  lid  above  the  leaf  pulvini  and 
which  are  retained  only  by  their  internal  portion.  A  slight  pressure 
should  immediately  cause  them  to  fall. 

Ordinarily,  this  occurs  gradually  under  the  influence  of  external 
factors  (shocks,  changes  in  temperature,  desiccation,  etc.).  The  fact  is 
that  the  structure  of  these  valves  is  not  homogeneous;  they  are  cellulosic 
in  their  upper  portion  and  they  are  ligno-suberous  at  their  base;  besides, 
the  desiccation,  acting  unequally  on  each  of  their  tissues,  causes  them 
to  curve  slightly  upward  and  more  or  less  widens  their  detachment  crack. 

In  all  cases,  starting  in  April,  they  are  all  more  or  less  removed  from 
their  pulvinus  to  which  they  adhere  only  weakly  on  their  inside.  There  are 
still  quite  a  few  of  them  in  May  and  some  of  them  last  even  longer. 

As  soon  as  the  valve  rises,  the  cells  of  the  separating  stratum, 
which  have  remained  on  the  surface  ofMhe  rest  of  the  pulvinus,  are  flat¬ 
tened  on  it. 

The  formation  and  detachment  of  the  valve  lead  to  the  disappearance 
of  the  first  scar  stratum  and  the  exposure  of  the  tissues  of  the  leaf  pul¬ 
vinus  at  a  level  closer  to  its  insertion.  This  new  wound  is  gradually 
cicatrized  as  it  deveiopes,  first  cf  all,  through  the  differentiation  of 
a  ligno-suberous  stratum  composed  of  two  or  three  layers  near  the  new  sur¬ 
face,  and,  then,  above  it,  through  the  establishment  of  a  cork  which  will 
form  the  final  cicatrization.  This  cork  grows  across  the  bundles  and  is 
about  seven  to  ten  cell  layers  thick  at  the  end  of  the  second  year, 

Marcescent  Leaves 


Everything  we  have  just  said  about  Hamamelis  virginiana  applies  to 
those  leaves  that  fall  in  autumn  and  their  pulvini;  in  this  same  species, 
however,  there  are  many  leaves,  which  are  called  "marcescent"  [withering], 
which  remain  attached  to  the  tree  after  they  die  and  until  the  beginning 
of  the  next  year.  (The  marcescent  leaves  are  generally  those  that  are 
formed  last,  that  is  to  say,  those  that  are  inserted  on  the  short  and 
late-growing  shoots  and  that  have  not  completed  their  vital  cycle  at  the 
moment  of  the  first  frost  which  kills  them.)  We  are  now  going  to  study 
the  anatomical  features  related  to  this  marcescence. 

At  the  time  the  deciduous  leaves  fall,  the  base  of  those  that  are 
marcescent  does  not  reveal  the  subdivisions  or  partitions  from  which  the 
autumn  separating  stratum  usually  results.  Here,  however,  we  can  sometimes 
observe  --  in  the  cortical  parenchyma  and  on  the  same  level  --  small  areas 
of  mucilaginous  cells  inside  of  which  we  may  have  a  partial  separation 
(csi.  Figure  58). 

Sooner  or  later,  as  the  bad-weather  season  saps  the  vitality  of  these 
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leaves,  w*  ret  thalli  In  the  vessels  of  their  bast-ligneous  system,  as 
in  those  of  the  deciduous  leaves. 

Later  on,  after  these  leaves  have  fallen,  a  primary  cicatrization 
lamina  is  differentiated  at  the  base  jf  the  marcescent  leaves  as  the  leaves 
die;  this  primary  lamina  is  similar  to  the  one  we  described  in  the  pulvinus 
of  the  fallen  leaves;  that  is  to  say,  it  is  ligno-suberous  only  at  the 
base  and  it  is  ligneous  only  in  its  upper  portion  (ss,  Figure  58).  However, 
it  is  not  as  thick  and  it  becomes  thinner,  the  later  the  leaf  dies. 

The  marcescent  leaf  and  i :c  pulvinus  remain  in  this  condition  until 
the  spring  of  the  next  year.  The  leaf  becomes  increasingly  dried  out  and 
its  petiole  becomes  stained  (in  the  sections,  this  stained  portion  of  the 
petiole  resumes  its  normal  volume  in  contact  with  water)  up  to  the  level 
of  the  cicatrization  stratum  whose  nature,  partly  ligneous,  prevents  any 
deformation. 

Then,  at  the  beginning  of  the  second  year,  at  the  time  when  the 
new  separating  stratum  is  developed  in  the  pulvini  of  the  deciduous  leaves, 
causing  the  revival  of  cicatrization,  there  is  a  similar  stratum  forming 
at  the  same  level  (cs2.  Figure  58).  This  separating  stratum,  in  the  same 
section,  includes  the  cicatrization  lamina  and  the  dead  leaf.  The  fall 
of  this  leaf  occurs  much  more  regularly  and  much  sooner  than  the  revival 
of  cicatrization  in  the  pulvini  of  the  deciduous  leaves;  this  period 
usually  comes  in  the  beginning  of  April.  The  mechanism  of  the  separating 
stratum  is,  in  effect,  aided  by  the  action  of  the  weight  of  the  leaf  and 
especially  by  the  action  of  the  wind. 

Behind  the  surface  exposed  by  this  fall  we  now  get  the  development 
of  cicatrization  strata  similar  to  those  which  form  in  the  pulvini  of  the 
deciduous  leaves  after  the  revival  of  cicatrization. 

This  means  that,  from  the  viewpoint  of  anatomical  changes  occurring 
in  the  leaf  pulvinus,  the  marcescent  leaves  of  Hamamelis  virginiana  really 
differ  from  the  deciduous  leaves  of  the  same  species  only  by  the  absence 
or  incomplete  development  of  the  autumn  separating  stratum. 

Summary  of  Selected  Types 

In  all  types,  except  Aristolochia  Sipho,  the  separating  stratum  almost 
always  consists  of  several  cell  layers  and  the  detachment  occurs  through  the 
dissolution  of  the  middle  strata  of  the  walls  in  its  upper  region.  In  the 
case  of  Aristolochia  Sipho,  it  consists  of  a  single  layer  whose  cells  are 
elongated  and  break  afterward;  we  might  also  point  out  that  the  same  form 
of  dehiscence  is  again  encountered  in  the  internal  region  of  the  pulvinus 
of  Alnus  p.lutinosa,  where  the  separating  stratum  often  is  composed  only  of 
a  single  layer. 

In  most  of  the  types  we  can  observe  the  differentiation  of  a 
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subcicatriciai  lignified  stratum  above  and  against  the  dehiscence  surface, 
at  the  base  of  the  portion  of  the  leaf  that  is  going  to  fall. 

Here  are  the  changes  which  occur  in  the  tissues,  below  the  separating 
stratum:  (1)  sometimes  we  have  a  subdivision  of  a  part  of  the  tissues  in 
all  directions;  (2)  the  formation  of  a  ligno-suberous  lamina  at  the  expense 
cf  the  primary  tissues  which  have  or  have  not  undergone  prior  subdivision; 

(3)  the  formation  of  a  secondary  subjacent  cork.  When  the  second  and  third 
of  these  changes  occur  before  the  leaf  falls,  they  almost  always  involve 
only  the  non-bast- ligneous  tissues  and  they  always,  to  a  great  extent,  move 
around  the  latter.  These  are  invaded  only  later  on  by  ligno-suberization 
and  then  they  are  traversed  by  the  cork. 

Between  the  ligno-sut^rous  lamina  and  the  separating  stratum  we  may 
have  several  layers  of  sacrificed  parenchyma  which  has  remained  cellulosic. 

The  secondary  cork  lamina  always,  in  the  end,  connects  up  with  the 
periderm  of  the  stem  and  thus  completely  blocks  the  opening  acroas  which 
the  tissues  of  the  leaf  would  move  out.  It  exists  in  all  types  and  turns 
out  to  be  a  component  of  final  cicatrization. 

In  v he  three  first  types  (Aristolochia  Sipho,  Amorpha  fruticosa,  and 
Koelreuteria  paniculata),  there  is  no  modification  of  the  tissue  below  the 
separating  stratum,  before  defoliation,  and  there  is  only  a  rather  thin 
lignification  of  the  tissues  above  it.  After  the  leaf  falls,  a  ligno- 
suberous  lamina  is  differentiated  in  the  pulvinus,  starting  from  the  first 
year;  this  is  doubled  by  a  cork  during  the  second  year.  The  three  types 
differ  from  each  other  because  of  their  separating  stratum;  the  separating 
stratum  of  the  first  type  is  made  up  of  a  single  layer;  that  of  the  second 
type  consists  of  several  primary,  non-subdivided  layers;  that  of  the  third 
is  of  meristematic  origin.  The  fourth  type  (Paulownia  imperialis)  resembles 
the  third  except  for  the  fact  that  the  meristematic  action  takes  effect  not 
only  in  the  separating  stratum  but  also  in  the  subjacent  parenchyma  of  the 
pulvinus. 

In  the  following  five  types,  the  cicatrization  is  always  more  or  less 
completed  before  defoliation:  by  a  ligno-suberous  lamina  of  primary  origin 
in  Diospyros  virginiana;  by  a  similar  stratum  of  meristematic  origin,  that 
is  to  say,  formed  at  the  expense  of  the  primary  tissue  which  has  earlier 
been  subdivided  in  all  directions,  in  the  case  of  Morns  nigra;  particularly 
by  a  cork  of  secondary  origin  in  the  case  of  Aesculus  Hippocastanum:  by  a 
ligno-suberous  stratum  of  primary  origin,  reinforced  [doubled]  by  a  cork 
layer  in  Forsythia  suspense;  finally,  by  a  meristematic  ligno-suberous 
stratum,  doubled  by  a  cork  layer,  in  Alnus  glutinosa,  which  is  the  most 
complex  type. 

The  feature  that  characterizes  the  type  Spiraea  opulifolia,  is  -- 
as  a  result  of  tna  deep  location  of  the  periderm  in  the  stem  and  in  the 
pulvinus  —  the  scar  cork  which  develops  only  across  the  bast-ligneous 
bundles. 
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(I  want  to  study  the  species  related  to  this  second  type  at  this; 
point  because  T  was  unable  to  find  the  features,  which  characterize  the 
separating  stratum  of  Aristolochia  Sipho,  in  any  othei  plant;  in  other 
words,  this  is  the  only  place  where  1  was  able  to  find  this  stratum  made 
up  of  a  single  layer  over  its  entire  extent  and  this  is  the  only  place 
where  the  leaf  is  dehisced  as  a  result  of  the  rupture  of  the  walls  in  all 
of  the  cells  of  this  layer.  The  ligneous  plants,  which  reveal  a  similar 
way  of  leaf  detachment,  are  probably  rare.  Besides,  I  showed  earlier  that 
similar  events  can  occur  partly  also  in  Alnus  glutlnosa;  I  will  also  demon¬ 
strate  these  events  in  Rhus  Cotinus.  We  will  see,  furthermore,  as  we  con¬ 
tinue  with  our  work  here,  that  we  also  have  separations  of  marccacent  leaves 
and  revivals  of  cicatrization  due  to  similar  processes.) 

We  recall  that,  in  this  type,  the  separating  stratum  is  of  primary 
origin  and  that  it  consists  of  two  or  three  layers  between  which  the  separa¬ 
tion  takes  place  after  the  dissolution  of  the  middle  intercellular  strata. 
There  is  no  trace  of  clcatiizatlon  in  the  pulvinus  at  the  time  of  defolia¬ 
tion.  Later  on,  at  the  end  of  the  first  year,  a  primary  ligno-suberous 
stratum  is  formed;  after  that  a  secondary  subjacenc  cork  is  formed  during 
the  second  year. 

Here  is  a  list  of  species  related  to  this  type:  Benzoin  odoriferuin, 
Plar.era  Klchardi,  Hippophae  rhamnoides,  Coronilla  Emerus,  Crataegus  monogyna, 
Pyrus  communis,  Mespllus  germanica,  Castanea  vulgaris. 

Benzoin  odorlferum  Nees  d*Es. 

Benzoin  odoriferum  differs  from  Amorpha  in  that  the  cicatrization  of 
the  vessels  here  is  accomplished  almost  entirely  by  ihj  thalli  which  are 
developed  before  the  leaf  falls;  this  reminds  us  of  the  case  of  Aristolochia 
Sipho  whose  walls,  however,  are  thicker  than  those  of  their  generating 
cells.  Below  the  ligno-suberous  lamina  and  even  before  the  leaves  fall, 
these  thalli  not  only  become  thicker  but  they  are  «*so  heavily  lignified; 
they  reveal  numerous  bordered  pits  corresponding  to  the  ornamentations  of 
the  vessels  which  contain  them.  The  same  is  true  of  their  generating  cells. 

The  primary  scar  stratum  is  not  so  homogeneous  as  in  the  case  of 
Amorpha;  it  ti  lignified  only  in  its  upper  half  and  it  is  ligno-suberous 
only  in  the  other  part;  besides,  this  ligno-suberisatiem  here  does  not 
occur  in  all  cells;  some  of  them,  here  and  there,  are  only  lignified. 

The  secondary  cork  is  developed  here  in  contact  with  the  preceding 
tissue  and  it  growe  across  the  bundles  by  tbs  same  process  as  in  Aristo- 
lothis  Sipho.  It  is  vary  thick  and,  as  in  the  periderm  of  the  stem  with 
which  it  confute,  the  cells  of  its  layer  which  is  closest  to  the  generating 
sons  have  a  very  accentuated  suberous  thickening  in  their  outs'.dw  wall, 

Tht  phelloderm  corresponding  to  this  cork  is  not  as  thick  as  that  of  the 

•tern. 
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The  core i cal  parenchyma  of  the  pulvinus  includes  many  secreting 
cells.  As  in  the  rest  of  the  plant,  they  are  doubled  on  the  inside  at  the 
moment  of  defoliation  by  a  thin  suberous  stratum;  but  they  do  not  undergo 
any  other  modification  at  the  level  of  the  scar  strata. 

Hippcphae  rhamnoldes  L. 

The  petiole  of  this  species  has  an  articulation  at  its  base  which  is 
marked  by  a  circular  groove  which  is  more  accentuated  on  its  outside  surface 
(Figure  59). 

In  a  longitudinal  section,  the  tissues  of  this  axticulation  reveal 
a  region  of  very  small  cells,  as  in  the  case  of  Diospyros  virginiana;  however, 
we  have  a  gradual  and  sometimes  rather  rapid  transition  from  this  region  to 
the  tissues  of  the  petiole  and  to  those  of  the  pulvinus.  On  the  other  hand, 
the  constriction  of  the  petiole  is  barely  noticeable  on  the  leaf  bundles. 

The  periderm  of  the  stem,  which  is  very  thick,  disappears  abruptly  at  the 
level  of  this  articulation  (joint). 

The  separating  stratum  (cs.  Figure  59)  is  formed  at  the  expense  of 
the  small  cells  in  this  latter  stratum  [periderm];  the  separating  stratum 
here  is  located,  however,  a  little  above  the  bottom  of  the  groove.  In  this 
particular  case  the  separating  stratum  here  reveals  a  surface  which  is 
slightly  concave  toward  the  pulvinus  in  the  cortical  parenchyma  and  concave 
[sic]  toward  the  petiole  in  the  passage  of  the  bundles.  Otherwise  its  con¬ 
stitution  and  its  function  are  the  same  as  in  Amorpha  fruticosa. 

The  lignification  of  the  tissues  of  the  petiole,  above  and  against 
the  separating  stratum,  is  very  pronounced.  It  involves  usually  four  to 
six  rows  of  cells  and  it  may  climb  even  higher  along  the  bundles  without 
crossing  them  (rs.  Figure  59). 

The  ligno-suberous  stratum  extends  to  a  point  at  which  it  is  in 
immediate  contact  with  the  debris  of  the  separating  stratum  and,  on  the 
other  hand,  descends  lower,  inside  the  bundles,  than  in  the  cortical  paren¬ 
chyma. 

The  cavity  of  the  vessels  is  also  blocked  here  by  gummy  lignin, 
although  this  happens  here  only  at  the  level  of  the  cicatrization  stratum. 

The  deposit  of  this  substance  begins  in  the  near-by  vessels  of  the  trachea 
and  before  the  leaf  falls. 

Crataegus  monogyna  Jacq. 

The  petiole  of  this  species,  like  the  one  of  Hippophae,  reveals  a 
joint  at  its  base;  here  the  bundles  are  reduced  to  roughly  one  third  of 
their  volume.  The  separating  stratum  likewise  is  developed  here  a  little 
above  the  bottom  of  the  groove;  but  it  is  concave  toward  the  pulvinus,  at 
the  level  of  the  bundles,  and  concave  toward  the  petiole,  in  the  cortical 
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parenchyma.  Some  of  its  cells  sometimes  reveal  a  transversal  partition 
but  this  is  very  rare  and  almost  the  entire  stratum  is  made  up  like  the 
one  of  the  Amorpha  type  which  is  of  primary  origin. 

Except  for  these  few  modi t teat ions  and  the  lesser  thickness  of  the 
lignified  subcicatricial  stratum,  everything  else  is  as  in  the  case  of 
Hippophae. 

Castanea  vulgaris  Lam. 

The  general  characteristics  here  are  the  same  as  those  of  Amorpha 
but  the  vessels  are  obstructed  by  thalli  even  before  the  leaf  falls.  The 
gummy  lignin,  which  appears  after  the  leaf  falls,  may  also  be  encountered 
again  all  the  way  into  the  bast-ligneous  system  of  the  stem,  although 
only  in  the  secondary  vessels. 

The  scar  cork,  which  developes  during  the  second  year  below  and 
against  the  ligno-suberous  stratum,  grows  across  the  bundles  in  the  same 
way  as  in  Aristolochia  Sipho. 

The  crystal-bearing  c°lls  are  abundant  at  the  base  of  the  leave; 
at  the  level  of  the  cicatrir.  ion  strata,  some  of  them  lignify  only  their 
walls  but  most  of  them  undergo  ligno-suberous  differentiation,  like  the 
other  cellf  of  the  parenchyma;  tne  internal  suberous  film  here  reveals  the 
arrangement  which  I  described  and  Illustrated  for  Alnus  glutinosa  (sub. 
Figure  50). 

Coronilla  Eroerus  L. 


The  petiole  of  Coronilla  Emerus  reveals  a  joint  like  that  of  Hippophae 
rhairnoides.  The  separating  stratum  developes  likewise  at  the  expense  of 
the  cells  in  this  joint  but  on  the  level  of  its  most  contracted  portion. 
Similarly,  the  ligne-suberous  stratum,  which  is  not  at  all  thick,  is  in 
direct  contact  with  the  separating  stratum. 

The  scar  cork  begins  in  the  vicinity  of  the  bundles  and  it  grows 
across  all  of  the  tissues  from  that  point  on.  Besides,  since  there  is 
no  more  periderm  on  the  stem  during  the  second  year,  this  cork  gradually 
disappears  below  the  epiderm  of  the  pulvinus,  curving  slightly  downward. 

Planera  Richardi  Michx 

The  base  of  the  leaf  of  this  plant  also  has  an  articulation  a  little 
above  its  insertion;  at  the  level  of  this  joint  the  bundles  loose  only  very 
little  of  their  volume. 

The  variations  of  the  normal  type,  in  the  base  of  the  petiole,  are 
the  same  as  in  Hippophae. 
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The  crystal -bearing  cells,  which  are  very  numerous  in  the  cortical 
parenchyma  of  the  stem  and  of  the  petiole,  are  almost  entirely  absent  at 
the  level  of  the  articulation  of  the  latter;  those  which  are  inside  the 
cicatrization  stratum  only  lignify  their  walls. 

Pyrus  cotiTmmIs  L. 

Pyrus  communis  is  quite  closely  related  to  the  last  two  species. 

It  is  distinguished  from  all  of  the  other  preceding  individuals, 
which  1  related  to  the  Amorpha  type,  by  the  fact  that  the  scar  cork  very 
often  appears  below  the  ligno-suberous  stratum,  in  the  puivini  of  the  base 
of  the  shoots,  already  during  the  first  year,  after  the  leaf  has  fallen; 
it  then  connects  with  the  periderm  of  the  pulvinus  along  its  entire  circum¬ 
ference  and  sometimes  crosses  the  bundles  themselves  before  the  winter; 
this  happens  in  the  same  way  as  in  Amorpha.  Its  thickness  varies  between 
one  and  three  layers  of  cells  which  always  have  thin  walls  and  which,  by 
vitue  of  this  fact,  differ  from  the  cells  of  the  periderm  of  the  stem  which 
have  strong  suberous  thickenings  on  their  outside  walls.  During  the  second 
year  its  generating  zone  begins  to  function  once  again  and  continues  to 
thicken  it.  In  the  puivini  at  the  top  of  the  shoots  this  tissue  developes 
only  during  the  second  year.  This  second-year  cork  always  reveals  the 
suberous  thickening  that  characterizes  the  periderm  of  the  stem. 

Mespilus  germanica  L. 

This  species  differs  very  little  from  Amorpha  fruticosa;  however,  as 
in  the  case  of  the  preceding  Pyrus,  a  thin  cork  often  developes  here  before 
the  first  winter;  this  cork  has  very  thin  walls  and  is  found  below  and  against 
the  ligno-suberous  stratum;  bat  chis  is  the  case  only  in  the  puivini  at  the 
base  of  the  shoots.  Likewise,  a  final  cork  developes  here  only  during  the 
second  year;  this  final  cork  would  be  histologically  similar  to  the  periderm 
of  the  stem,  that  is  co  say,  it  would  have  a  suberous  thickening  on  the  out¬ 
side  half  of  its  cell  walls  and  a  hard  thickening  with  pits  on  the  other 
half.  The  suberous  thickeninp  here  also  increases  in  size  in  the  vicinity 
of  the  generating  zone  whereas  the  hard  thickening  continues  to  lose  thickness. 

In  transversal  section,  the  longitudinal  walls  of  this  cork  often 
look  very  sinuous,  somewhat  recalling  the  cork  in  many  epiderms  of  leaves 
seen  from  the  front. 

Evonymus  europaeus  L. 

This  plant  is  not  entirely  comparable  to  the  Amorpha  type;  it  is  in 
some  ways  related  to  the  Diospyros  type,  in  the  sense  that  the  cicatrization 
of  the  wound  sometimes  begins  befo.e  ^he  le^f  Jails,  But  the  ligno-suberi-. 
zation  of  the  elements  of  the  pulvinus  —  when  it  does  exist  at  the  moment 
of  defoliation  —  involves  only  a  few  layers  adjacent  to  the  separating 
stratum  and  especially  in  the  external  region  of  the  cortical  parenchyma; 
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most  often,  it  exists  only  in  this  region.  After  the  fall  of  the  leaf,  the 
ligno>suberization  extends  from  the  separating  stratum  toward  the  base  of 
the  pulvinus  and  achieves  great  thickness.  The  scar  cork  appears  only 
during  the  second  year. 

In  this  species,  the  subcicatricial  lignified  stratum  is  not  at  all 
thick  and  very  little  lignified. 
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Chapter  III,  Species  Related  to  the  Type  Koelreuteria  paniculata 


We  might  remember  at  this  point  that  the  type  Koelreuteria  differs 
from  the  type  Amorpha  by  the  presence  of  cell  subdivisions  in  those  layers 
which  will  constitute  the  separating  stratum  and  that  the  separation  -- 
which  occurs  inside  it  between  the  two  upper  layers  --  is  preceded  by  the 
longitudinal  growth  of  all  of  the  cells  in  this  stratum  and,  consequently, 
by  its  thickening.  Besides,  the  cicatrization  of  the  wound  through  lignifi- 
cation  and  suberization  takes  place  only  after  the  leaf  has  fallen,  as  in 
the  case  of  Amorpha. 

Among  the  plants  revealing  changes  similar  to  those  of  Koelreuteria 
paniculata,  I  might  mention  the  following:  Paliurus  aculeatus,  Celtis 
occidentalis,  Staphylea  trifoliata,  St.  pinnate,  Carpinus  Betulus,  Quercus 
hispanica,  Q.  pedunculata,  Sorbus  Aria,  S.  hybrida,  S.  aucuparia,  Cotoneaster 
melanocarpa. 

However,  I  will  only  describe  the  first  two  species  here  and  we  will 
relate  the  study  of  the  others  to  the  Hamamelis  virginiana  type  to  which 
they  are  also  related  either  because  of  the  existence  of  the  revival  of 
cicatrization  or  because  of  the  presence  of  marcesccnt  leaves,  or  because 
of  both  of  these  factors. 

Celtis  occidentalis  L. 


The  petiole  of  this  species  has  a  swelling,  at  its  base,  located  on 
its  inside  (P,  Figure  60),  like  that  of  Amorpha  fruticosa. 

Against  the  hard  bast  of  the  stem  and  of  the  petiole  and  outside 
of  it  we  have  an  almost  entirely  crystal-bearing  tissue  which  is  particu¬ 
larly  well  developed  in  the  stem  and  the  pulvinus.  In  the  stem  this 
tissue  has  very  thick  walls  which  are  heavily  lignified  and  which  reveal 
numerous  pits.  The  enveloping  membranes  of  the  crystals  and  the  rare 
bridges  which  connect  them  to  the  wall  of  the  crystal-bearing  cells  are 
likewise  very  thick,  lignified,  and  spotted  so  that  the  cell  cavities  in 
this  tissue  are  extremely  reduced  in  size  and. so  that  the  crystals 
here  clogged  [stuck]  in  a  lignified  mass.  Similar  lignif ications  occur 
here  and  there  in  the  petiole  but  they  involve  only  a  few  cells.  Finally 
--  and  this  is  the  most  important  point  I  want  to  bring  out  --  the  ligni- 
fication  of  this  tissue  always  --  like  that  of  the  hard  bast  --  stops  at 
the  level  where  the  separating  stratum  and  the  cicatrization  lamina  form 
(crs,  Figure  60).  In  this  region,  the  various  walls  of  this  tissue  are, 
of  course,  always  very  thick  but  they  are  completely  cellulosic. 

In  Celtis  occidentalis  the  preparation  for  the  fall  of  the  leaf 
docs  not  produce  any  lignification  in  the  base  of  the  petiole  above  the 
separating  stratum.  In  the  pulvinus,  the  numerous  crystal-bearing  cells, 
which  are  inside  the  ligno-suberoua  stratum,  do  not  reveal  an  internal 
suberous  film. 
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In  many  of  the  pulvini,  the  scar  cork  is  accompanied  by  a  phelloderm 
which  is  particularly  well  developed  at  the  level  of  rupture  of  the  bundles 
and  in  the  internal  portion  of  the  pulvinus  where  its  thickness  may  amount 
to  five  or  six  layers  of  cells.  Almost  all  of  these  cells  become  crystal¬ 
bearing  and  sclerous  (ph,  Figure  61),  especially  in  the  thickest  regions. 

Faliurus  acule"tus  Lamk. 

Here  are  the  special  features  of  P.  aculeatus,  compared  to  Koelreuteria 
paniculata: 

As  in  the  case  of  Spiraea  opulifolia,  there  is  a  very  pronounced  lig- 
nification  of  the  elements  of  the  petiole  (rs.  Figure  62)  above  the  separating 
stratum;  this  lignif ication  involves  an  average  thickness  of  10-15  layers  of 
cells. 

The  petiole  and  the  pulvinus  reveal  large  elements  which  look  like 
secreting  cells  to  me  (E,  Figure  62)  and  which  are  sometimes  found  on  the 
level  of  the  separating  stratum.  The  latter  then  surrounds  them  below  and 
establishes  its  subdivisions  and  partitions  in  the  elements  which  border  on 
them  (cs,  Figure  62).  It  then  happens  on  occasion  that  the  portion  of  the 
separating  stratum  thus  formed  proliferates  slightly  within  the  big  secreting 
cell,  pushing  its  wall  before  it;  however,  at  the  time  of  defoliation, 
this  doubling  process  does  not  occur  although  the  mucilaginous  transforma¬ 
tion  of  the  walls  occurs  below  the  gland,  as  elsewhere;  the  continuity  of 
the  surface  of  dehiscence  then  developes  opposite  this  region  as  a  result 
of  a  rupture  of  the  lateral  walls  of  the  secreting  cell. 

In  the  pulvinus,  the  changes  which  follow  the  fall  of  the  leaf  are 
the  same  as  those  in  Koelreuteria  paniculata;  here  the  vessels,  however, 
are  entirely  cicatrized  by  the  gummy  lignin. 
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Chapter  IV.  Species  Related  to  the  Type  Paulownia  Imperlalis 


We  recall  that  this  type,  like  the  preceding  type,  is  characterized 
by  the  presence  of  subdivisions  and  the  absence  of  cicatrization  in  the 
base  of  the  leaf  at  the  moment  the  leaf  falls.  It  differs  by  virtue  of 
the  fact  that  the  meristematic  action  involves  not  only  the  separating 
stratum  but  also  a  more  or  less  considerable  thickness  of  the  pulvinus 
below  this  f.tratum. 

Here  are  the  species  that  are  related  to  that  type:  Tilia  europaea, 
Corylus  Avellana,  Broussonetia  papyri fera,  Periploca  graeca,  Ficus  Carica, 
Evonymus  latifolius. 

Tilia  europaea  L. 

The  subdivisions  of  the  meristematic  region  are  much  less  numerous 
than  in  Paulownia.  We  have  only  one  or  two  per  cell  in  the  separating  stra¬ 
tum  and  most  often  we  only  have  one  in  the  parenchyma  situated  below  it. 

The  portion  of  the  pulvinus  which  is  involved  in  these  subdivisions  is 
mostly  made  up  of  very  numerous  macled  cells  which  themselves  do  not  sub¬ 
divide. 

Tilia  europaea  also  differs  especially  from  Paulownia  by  the  fact 
that  there  is  a  lignified  region,  almost  as  thick  as  that  of  Spiraea  opu- 
lifolia,  at  the  base  of  the  petiole,  above  the  separating  stratum. 

Among  the  numerous  macled  cells  which  are  inside  the  ligno-suberous 
stratum,  a  small  number  becomes  lignified  while  the  majority  becomes  ligno- 
suberized  like  the  other  cells  of  the  parenchyma;  the  internal  suberous 
film  here  reveals  an  arrangement  similar  to  that  we  illustrated  for  Alnus 
glutinosa  (sub.  Figure  50). 

The  periderm  does  not  yet  exist  here  during  the  second  year  along 
the  periphery  of  the  stem  and  pulvinus  of  T,  europaea;  likewise,  the  scar 
cork  which  forms  at  that  time,  immediately  below  the  ligno-suberous 
stratum,  extends  all  the  way  to  the  euiderm;  in  the  dorsal  and  lateral 
part  of  the  pulvinus  it  curves  slightly  downward  due  to  the  subdivision 
of  the  epiderm  itself.  Later  on,  the  periderm  of  the  stem,  which  will 
form  in  the  subepi dermal  layer  (*),  will  connect  with  it.  At  the  end  of 
the  second  year,  the  scar  cork  is  characterized  by  great  thickness. 

(*)  This  subepidermal  location  of  the  periderm  of  the  stem  was 
mentioned  by  Sanio  (according  to  Douliot,  '‘Research  on  the  Periderm," 

Ann,  d.  Sc,  nat,  Bot.,  7th  series,  Vol  X,  1889,  page  333).  I  was  able 
to  reassure  myself  that  although,  in  the  majority  of  cases,  this  periaerm 
is  indeed  subepidermal,  it  may,  here  and  there,  be  derived  from  the  epiderm 
Itself  and  consequently  occupy  the  same  position  as  the  edges  of  the  scar 
cork. 
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Secretory  Sacs 


The  secretory  sacs  are  numerous  in  the  cortical  parenchyma  of  the 
plant,  especially  in  the  petiole;  they  are  very  rax>_  in  the  portion  of  the 
pulvinus  where  all  of  the  transformations,  which  T  have  just  listed,  occur. 
When  mechanisms  of  this  kind  are  found  inside  the  ligno-suberous  stratum, 
they  undergo  no  change  other  than  the  ligno-suberization  of  their  epithelial 
ceils.  The  separating  strata  are  interrupted  at  their  level  whereas  the 
scar  cork  surrounds  them  below. 

Corylus  Avellana  L. 

In  this  species,  as  in  Tilia  europaea,  the  subdivision  is  not  at  all 
intensive  in  the  parenchyma  situated  below  the  separating  stratum.  Here  the 
epiderm  subdivides  neither  at  the  level  of  the  latter  nor  further  down. 

The  lignified  region  of  the  petiole,  above  the  dehiscence  surface, 
is  very  thick  especially  in  the  internal  region  of  the  organ. 

After  the  leaf  falls,  there  forms  a  ligno-suberous  stratum,  as  in  the 
typed  species;  but  this  stratum  is  differentiated  not  only  at  the  expense  of 
the  primary  tissues  of  the  pulvinus  which  are  placed  below  the  meristematic 
stratum;  it  is  also  differentiated  by  virtue  of  the  fact  that  it  takes  over 
[borrows]  the  latter  almost  entirely.  The  region  closest  to  the  surface  of 
the  wound  remains  cellulosic. 

The  cicatrization  of  the  vessels  occurs  especially  due  to  the  gummy 
lignin  and  this  substance  often  appears  even  before  the  leaf  falls  in  a 
point  above  the  separating  stratum,  at  the  level  of  the  lignified  and  thick 
region  of  the  petiole. 

The  crystal-bearing  cells  become  lignified  when  they  are  located  on 
the  level  of  the  ligno-suberous  stratum. 

Broussonetia  papyri fera  Willd. 

In  Broussonetia  papyrifera,  the  meristematic  action  is  very  forceful 
at  the  base  of  the  leaf  whose  tissues,  as  far  as  the  arrangement  of  the  new 
partitions  is  concerned,  reveal  the  aspect  of  those  of  Morus  nigre  [ss, 
Figure  34);  in  Broussonetia,  however,  as  in  the  type  Paulownia  imperialis, 
to  which  we  are  quite  close  now,  this  meristematic  region  is  not  yet  cellu¬ 
losic  at  the  moment  the  leaf  falls.  On  the  other  hand,  we  have  here  a 
subcicatricial  lignified  stratum  which  is  not  at  all  thick. 

Ligno-suberization  occurs  after  the  fall,  not  at  the  expense  of  the 
primary  tissue  of  the  pulvinus  below  its  subdivided  region  as  in  the  case 
of  Paulownia  but  entirely  at  the  expense  of  the  latter,  without  any  overlap 
on  the  subjacent  primary  tissue. 
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As  in  the  case  of  Morus  nigra,  the  secondary  scar  cork  is  often 
accompanied  by  a  very  thick  parenchymatous  phelloderm. 

The  occlusion  of  the  branching  milk-bearing  organs  of  this  plant 
occurs  in  exactly  the  same  fashion  as  in  Morus  nigra.  I  would  like  to 
refer  the  reader  to  the  detailed  study  of  this  species  presented  earlier. 

Periploca  graeca  L. 

In  this  plant,  the  subdivisions  are  particularly  numerous  in  the 
separating  stratum  where  they  are  more  or  less  regularly  oriented  trens- 
versally.  Above  this  stratum  we  have  a  more  or  less  thin  subcicatricial 
lignifled  region. 

As  in  the  case  of  Broussonetia  papyri fera,  the  ligno-suberous  cica¬ 
trization  lamina  is  differentiated  only  at  the  expense  of  the  meristematic 
region  of  the  pulvinus. 

The  branching  milk-bearing  organs  of  this  species  are  blocked  in 
the  same  fashion  as  those  of  Morus  nigra  although  the  finger-shaped  parti¬ 
tions  here  are  much  less  convex.  In  addition,  their  obstruction  often 
remains  in  the  first  stage  of  that  of  Morus  nigra,  that  is  to  say,  only  the 
two  modified  plugs  of  latex  are  found  on  either  side  of  the  separating  stra¬ 
tum  and  there  is  no  partition  developing  in  the  area  where  they  are  in  con¬ 
tact. 


Ficus  Carlca  L. 


The  anatomical  changes  which  occur  in  the  brse  of  this  species  are 
the  same  as  in  Broussonetia  papyrifera.  Very  often,  ligno-suberization 
appears,  before  defoliation,  below  and  against  the  separating  stratum  in 
the  small  flat  areas  situated  in  the  vicinity  of  the  milk-bearing  organs. 
This  ligno-suberization  reaches  the  rest  of  the  meristematic  stratum  only 
after  the  leaf  has  fallen. 

The  cicatrization  of  the  milk-bearing  organs  occurs  in  the  same 
fashion  as  in  Morus  nigra. 

Evonymus  iatlfollus  Scop. 

In  this  species  the  meristematic  region  is  not  at  all  thick  below 
the  separating  stratum;  ordinarily  it  involves  only  three  or  four  cell 
layers.  Besides,  E.  latifolius  is  very  much  like  the  type  Morus  nigra  in 
the  sense  that,  although  the  ligno-suberous  cicatrization  is  not,  as  in 
the  former,  complete  at  the  moment  the  leaf  falls,  it  has  at  least  begun 
in  the  eutside  region  of  the  pulvinus.  This  cicatrization,  at  that  time, 
only  involves  the  very  small  meristematic  portion  adjoining  the  s*paratlng 
stratum.  The  first-year  cicatrization  is  completed  after  defoliation 
through  the  extension  of  the  ligno-suberization  toward  the  bottom  in  the 
primary  tissue  of  the  pulvinus. 
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The  many  macled  cells,  which  exist  at  the  level  of  this  cicatri¬ 
zation  lamina,  are  ligno-suberized  like  the  elements  of  the  adjoining 
parenchyma . 
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Chapter  V,  Species  Related  to  the  Type  Dlospvros  virginiana 


We  will  recall  that  this  type  differs  from  the  earlier  types  by 
the  presence  —  below  the  separating  stratum  --  of  a  ligno-suberous  lamina 
which  is  already  characterized  at  the  moment  the  leaf  falls.  This  lamina 
is  entirely  formed  at  the  expense  of  the  primary  tissue  of  the  pulvinus 
without  any  prior  subdivision. 

Here  are  the  species  related  to  this  type:  Syringa  Josiki  ea,  S. 
persica,  Xanthoxylon  fraxineum,  Ampelopsis  hederacea,  Negundo  fraxinifolium, 
Rhus  Cotinus,  Rhus  Coriaria. 

Syringa  Joslkoea  Jacq. 

The  petiole  of  this  species,  like  the  one  of  Diospyros,  has  an 
articulation  marked  by  a  stratum  of  very  small  cells  very  clearly  outlining 
the  upper  extremity  of  the  pulvinus. 

The  formation  of  the  cicatrization  lamina  starts  in  the  same  regions 
as  that  of  Diospyros  and  it  progresses  similarly  although  it  appears  a  little 
later  toward  the  end  of  August. 

Syringa  persica  L. 

S.  persica  differs  from  the  preceding  species  only  by  virtue  of  the 
fact  that  the  ligno-suberous  differentiation  in  the  pulvinus  does  not  come 
as  early  [precociously].  This  differentiation  only  appears  toward  the 
middle  of  September  here. 

Xanthoxylon  fraxineum  Willd. 

This  species  and  the  following  ones,  which  I  tied  in  with  the 
Diospyros  type  because  of  the  state  of  cicatrization  at  the  moment  of 
defoliation,  however,  do  not  reveal  any  articulation  at  the  base  of  their 
petiole,  such  »a  we  would  find  it  in  the  case  of  the  former.  Besides,  the 
separation  of  the  cells,  during  the  fall  of  the  leaf,  is  here  preceded  by 
the  formation  of  a  mucilage,  as  in  the  case  of  Amorpha  fruticosa. 

In  Xanthoxylon,  the  petiole,  above  its  point  of  insertion,  reveals 
a  swelling  at  whose  base  the  separating  stratum  is  established. 

The  surface  of  the  latter  (cs.  Figure  63)  forms  a  circular  con¬ 
cavity  in  the  cortical  parenchyma  while  it  rises  all  around  the  bundles. 

Its  tissue  is  made  up  of  one  or  two  layers  of  cells  of  the  pulvinus  which 
do  not  differ  from  their  neighbors  in  sice  but  which  often  are  iplit  once 
or  twice  in  advance. 

The  upper  limit  of  the  ligno-suberous  lamina  (ss.  Figure  63)  is 
quite  noticeably  parallel  to  the  separating  stratum,  that  is  to  say,  it 
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likewise  forms  a  circular  concavity  around  the  bundles.  Its  lower  sur¬ 
face  is  noticeably  more  concave  because  the  thickness  of  its  tissues  is 
at  a  maximum  halfway  between  the  bundles  and  the  outline  of  the  pulvlnus. 

This  stratum  is  not  as  homogeneous  as  that  of  Diospyros  Virginians  and 
we  only  have  lignification  therefore  in  a  thin  region  of  its  upper  part. 
Furthermore,  there  are  several  layers  of  sacrificed  parenchyma  which 
separate  it  from  the  separating  stratum  and  the  latter  la  topped  by  a 
subcicatrical  lignified  stratum  (rs.  Figure  63)  consisting  of  three  or 
four  cell  layers. 

In  the  case  of  this  Xenthoxylon,  ligno-suberizatlon  appears  toward 
the  end  of  August  in  the  region  of  the  cortical  parenchyma  that  is  halfway 
between  the  bundles  and  the  edge  of  the  pulvlnus,  that  is  to  say,  in  the 
region  where  the  scar  stratum  will  reach  its  maximum  thickness.  Later  on, 
a  short  time  before  defoliation,  the  separating  stratum  developes  and 
this  is  followed  by  the  lignification  of  the  tissues  above  it. 

The  vessels  are  blocked  especially  by  thalli  developed  before  the 
leaf  falls. 

The  scar  cork,  which  grows  across  r.he  entire  pulvlnus  during  the 
second  year,  begins  to  appear  opposite  the  thickest  region  of  the  llgno- 
suberous  lamina.  It  grows  across  the  bundles  quite  directly  by  the  same 
process  as  in  Aristolochla  Sipho.  It  is  similar  to  the  periderm  of  the 
stem,  that  is  to  say,  like  the  latter,  it  reveals  a  strong  lignified 
thickening  on  the  outside  walls  of  its  cells;  this  thickening  consists  of 
neatly  stratified  cells  which  almost  entirely  block  the  cell  cavity. 

Ampelopsis  hederacea  Mlchx 

As  in  the  case  of  Diospyros  Virginians,  Ampelopsis  does  not  have  a 
lignified  region  above  the  separating  stratum.  The  two  or  three  layers 
which  make  up  the  latter  are  composed  of  cells  that  are  not  subdivided  in 
advance , 

The  llgno* suberous  stratum  has  essentially  the  same  thickness  every¬ 
where.  Here  llguo-suberlzation  begins  much  later  than  in  the  type,  that 
is,  around  the  end  of  September,  but  it  starts  also  along  the  outside  circum¬ 
ference  of  tbz  pulvlnus. 

Most  of  the  vessela  here  are  obstructed  by  thalli  developed  before 
the  leaf  falls  in  tie  entire  base  of  the  petiole. 

The  crystal-beering  cells  and  the  cells  with  the  raphldes,  which  are 
very  numerous  in  this  same  region,  get  lignified  vails  when  they  are  included 
in  the  ligno-auberous  stratum. 
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Rhus  Cotlnus  L 


The  ligno-suberous  lamina  of  this  species  differs  very  little  from 
that  of  Dio^p/ros;  however,  it  is  a  little  thicker  in  the  external  region  of 
the  pulvinus  (ss.  Figure  64)  and,  -ddition,  we  sometimes  note  a  few  sub¬ 
divisions  here,  all  of  which  are  foui.-i  ac  its  base.  Finally,  as  in  the  case 

of  Moms  nigra,  the  suberization  of  this  same  region  not  only  causes  the 

formation  of  the  cell  film  but  also  leads  to  the  impregnation  of  a  oart  of 
the  rest  of  the  walls. 

The  separating  stratum  (cs.  Figure  64),  like  that  of  Alnus  glutinosa, 
is  very  clearly  outlined  between  the  lignified  region  of  the  petiole  and 
the  ligno-suberous  stratum  of  the  pulvinus;  it  is  likewise  made  up  of  two 
or  three  layers  in  the  external  region  of  the  pulvinus  and  it  has  only  ore 

layer  in  its  internal  region.  In  this  latter  portion,  dehiscence  occurs 

due  to  rupture  of  the  walls  in  the  same  fashion  as  in  Aristolochia  Sipho. 

The  primary  cicatrization  lamina  forms  around  the  beginn'ng  of 
September.  The  ligno-suberization  of  the  elements  of  the  parenchyma,  which 
are  forming  here,  begins  against  the  bundles  and  grows  from  there  toward 
the  edges  of  che  pulvinus.  This  differentiation,  furthermore,  progresses 
from  the  base  of  the  lamina  toward  its  top  and,  a  short  time  before  the 
leaf  fells,  reaches  almost  all  of  the  bundles. 

Among  the  many  macled  cells  which  are  located  in  the  petiole,  those 
that  are  included  in  the  primary  cicatrization  stratum  get  lignified  walls. 

Cicatrization  of  Secretory  Canals 

In  3hus  Cotinus  we  have  wide  secretory  canals  inside  the  bast  of  the 
bundles  (ca,  Figure  64).  There  are  thrde  of  this  canals  near  the  base  of 
the  leaf;  cm?  of  them  is  located  in  each  of  the  three  groups  of  re-entering 
bundles.  Before  defoliation  and  at  the  time  when  ligno-suberization  of 
the  scar  lamina  begins  to  appear,  the  epithelial  cells  in  each  one  of  them 
lose  their  secretory  function  and  become  vegetative.  They  then  grow  toward 
the  access  of  the  canal  whose  inside  diameter  (opening)  they  soon  block 
completely  (th,  Figure  65);  however,  their  growth  is  unequal  and  some  of 
them  penetrate  only  to  the  center;  the  obstruction  is  then  completed  by 
the  enlargement  of  their  extremities.  Many  of  these  epithelial  cells  split 
in  advance  once  or  twice,  parallel  to  the  surface  of  the  canal,  before 
growing;  but  in  that  case  the  innermost  daughter  cell  is  the  only  one  to 
show  any  considerable  developmer"  (b.  Figure  65). 

(This  tissue,  which  blocks  the  secretory  canals,  at  the  base  of 
the  petiole,  is  similar  to  the  one  which  Miss  Leblois  reported  ("Research 
on  the  Origin  and  Development  of  the  Secretory  Canals,"  An.  des  Sc.  nat. 

Bot . .  7th  series,  Vol  VI,  1887,  page  247)  ir£  other  organs  and  in  other 
plants  inside  similar  canals.  This  author  uses  the  term  "thalli"  for  the 
cells  composing  it,  pointing  out  quite  correctly  that  their  development 
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is  not  entirely  comparable  to  that  of  the  thalli  of  the  vessels  since  they 
are  not  forced  to  traverse  any  bordered  pits.) 

The  proliferation  of  the  epithelial  cells  here  begins  on  the  level 
of  the  ligno-suberous  stratum  and  continues  from  there  above  and  below  it. 
The  secretory  canals  are  always  .  icd  up  in  this  fashion,  above  the 
separating  stratum,  in  the  petic ,  up  to  a  slightly  greater  distance 
than  below  it  (th.  Figure  64).  Very  soon,  the  cells,  which  constitute 
veritable  thalli,  are  jamned  very  closely  together  due  to  the  reciprocal 
pressure  so  that  the  entire  group,  especially  on  the  level  of  the  primary 
cicatrization  lamina,  assumes  the  appearance  of  a  parenchymatous  tissue 
with  polygonal  cells;  on  the  other  hand,  they  usually  leave  more  or  less 
wide  channels  between  them,  above  and  below  this  lamina. 

Once  the  obstruction  of  the  secretory  canal  has  thus  been  completed, 
the  filling  cells,  before  the  leaf  falls,  take  on  the  histological  charac¬ 
terization  of  the  tissues  at  whose  level  they  are  located;  thus  we  see  that 
they  are  lignified  at  the  level  of  the  lignified  region  of  the  petiole  and 
that  they  are  ligno-suberous  (ths.  Figure  66)  on  the  level  of  the  ligno- 
suberous  lamira.  Generally,  however,  the  cells  of  these  thalli  keep  their 
thin  walls  ind  differ  quite  clearly  in  this  respect  from  those  of  the  bast 
tissue  near-by  whose  walls  are  thicker;  the  lignified  portion  of  the  walls 
here  is  rather  thin. 

Above  the  blocked  region  of  the  canal,  in  the  petiole,  the  epithelial 
cells  die  like  the  other  cells  of  the  organ;  below,  in  the  pulvinus,  they 
continue  their  secretory  function. 

At  the  moment  of  defoliation,  the  entire  filling  tissue,  which  is 
found  above  the  separating  stratum,  that  is  to  say,  its  largest  portion,  is 
carried  away  with  the  leaf;  the  other  part  cicatrizes  the  canal. 

In  the  passage  of  the  secretory  canals,  the  generating  zone  which 
forms  the  scar  cork  develops  due  to  the  subdivision  of  the  thalli  (as  shown 
in  Figure  63,  lie).  Sometimes,  when  the  ligno-suberization  of  the  latter 
descends  a  little  below  the  low-r  level  of  the  ligno-suberous  lamina  in 
the  neighboring  tissue,  the  cork  passes  below  this  region  and,  because  of 
this,  describes  a  slight  curve  downward,  in  the  same  way  as  it  does  often 
cross  the  bundles. 

Rhus  Corlaria  L. 


At  the  base  of  the  petiole  of  Rhus  Coriaria,  we  have  a  swelling 
insideof  which  we  find  the  axillary  bud  (the  reader  is  here  referred  to 
Figure  82  which  shows  a  similar  arrangement  of  the  base  of  the  petiole  in 
Robinia  Pseudo-Acacia).  In  the  upper  leaves  of  the  shoots,  the  swelling, 
all  around  the  bud,  blends  with  the  stem  except  along  an  opening  wnich  is 
barely  visible  in  the  plane  of  the  leaf  and  against  the  surface  of  the  stem; 
in  the  other  leaves,  and  especially  at  the  base  of  the  shoots,  this  opening 
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is  widened  into  a  tangential  crack;  the  upper  edge  of  the  swelling,  However, 
continues  to  rest  against  the  stem.  In  summary,  the  leaf,  in  all  caoes,  does 
not  appear  to  have  an  axillary  bud. 

A  little  above  the  insertion  of  the  petiole  —  and  consequently  at 
the  base  of  the  cavity  containing  Lite  bud  —  we  then  have  the  separating 
stratum  and  the  cicatrization  lamina. 

The  separating  stratum  reveals  a  concave  direction  downward  and  we 
find  vjry  few  subdivisions  here.  Above  it,  we  have  a  very  thick  subcica- 
tricial  lignified  stratum. 

The  primary  cicatrization  lamina  is  quite  clearly  outlined  below; 
it  is  ligno-suerous  at  its  base  and  gradually  becomes  only  lignified  as 
we  go  up;  it  disappears  at  a  rather  great  distance  from  the  separating  stra¬ 
tum,  leaving  an  average  of  f*ve  to  seven  layers  of  sacrificed  parenchyma 
between  it  and  thct  stratum. 

Contrary  to  what  we  reported  in  the  case  of  the  preceding  species  of 
the  type  Diospyros,  this  lamina  is  differentiated  very  late,  in  other  words, 
a  short  time  before  the  leaf  falls;  sometimes  it  is  not  completely  differen¬ 
tiated  when  the  leaf  falls.  The  ligno-suberization  of  the  elements  here 
begins,  around  the  beginning  of  October,  in  the  same  regions  as  in  Rhus 
Cotinus. 

Because  of  the  late  formation  of  the  first  cicatrization  lamina,  the 
differentiation  of  the  separating  stratum  and  later  on  the  lignification 
of  the  elements  of  the  petiole  above  the  latter  are  always  found  to  develop 
first. 


The  obstruction  of  the  vessels  developes  here  especially  due  tc  the 
numerous  thalli  which  have  grown  here  before  the  leaf  falls. 

The  secondary  scar  cork  is  very  thick  and  grows  across  the  bundles, 
following  the  same  procedure  as  in  Aristoloc'nia  Sipho.  Sometimes,  especially 
in  the  vicinity  of  the  surface  of  the  pulvinus,  the  zone  that  generates 
this  cork  dies  after  having  fu&ulshcd  2  "^re  or  less  thick  stratum  of  ceils. 
Below  this  dead  region  we  have  a  variable  thickness  of  parenchyma  which 
becomes  ligno-suberized;  this  happens  most  often  after  it  has  subdivided: 
then  a  new  generating  zone  is  reformed  below;  this  zone  obliquely  connects 
the  preceding  scar  cork  to  the  periderr  in  a  manner  recalling  our  illustra¬ 
tion  in  Figure  90  for  Gymnocladus  canadensis. 

The  leaf  pulvinus  is  very  prominent  here.  The  scar  forms  a  more 
or  less  regular  ring  around  the  bud  which  reveals  an  essentially  pentagonal 
base.  It  surrounds  it  completely  in  the  pulvini  situated  close  to  the  top 
of  the  shoots  and  it  surrounds  it  incompletely  in  the  others  (ci ,  Figure  67). 

The  terminal  leaf  scar  occupies  the  end  of  the  stem  whose  aborted 
vegetative  tit  it  throws  off  laterally. 
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Secretory  Canals 


In  Rhus  Coriaria,  as  in  Rhus  Cotinus,  we  have  big  secretory  canals 
in  the  bast  of  the  big  bundles  of  the  petiole;  in  this  species,  however,  we 
have  six  instead  of  three  at  the  base  of  the  organ. 

The  obstruction  and  the  ligno-suberous  cicatrization  of  these  canals 
occurs  in  the  same  fashion  as  for  those  of  Rhus  Cotinus;  the  same  is  true 
for  the  crossing  of  the  scar  cork  here  (lie,  Figure  68). 

Negundo  fraxinl folium  Nutt. 

The  axillary  bud  of  this  species,  like  the  one  of  Rhus  Coriaria,  is 
hidden  in  a  swelling  at  the  base  of  the  petiole;  in  addition,  however,  the 
portion  of  the  swelling  which  thus  covers  the  bud  forms,  on  the  inside,  a. 
kind  of  spur  which  fits  very  tightly  into  a  corresponding  recess  in  the 
stem;  this  depression  involves  not  only  the  cortical  parenchyma  of  this 
organ  but  also  its  caulinary  bast-ligneous  system. 

The  formation  of  the  ligno-suberous  lamina  begins  in  the  external 
cortical  parenchyma,  halfway  between  the  bundles  and  the  circumference  of 
the  pulvinus;  besides,  it  developes,  as  in  Diospyros  virginiana,  before 
that  of  the  separating  stratum. 

In  Negundo  fraxinifolium,  and  in  some  of  the  species  which  we  have 
examined  so  far  (Pyrus  comnunis  and  Mespilus  germanica,  for  example),  the 
scar  cork  often  appears  before  the  winter  below  the  ligno-suberous  stratum; 
similarly,  the  cork  formed  at  this  time  is  always  rather  thin  and  has  very 
thin  walls.  Besides,  since  most  often  there  is  no  periderm  on  the  stem 
during  the  first  year,  the  sides  of  this  cork  end  below  the  epiderm  of  the 
pulvinus,  descending  again  a  little  downward  at  the  expense  of  the  subepi- 
dermal  layer. 

During  the  second  year,  the  generating  zone  of  the  scar  cork  gives 
us  a  new  stratum  which  is  much  thicker.  In  the  few  pulvini  where  this  zone 
does  not  exist  at  the  end  of  the  first  year,  it  differentiates  at  the 
beginning  of  the  second  year.  In  both  cases  the  cork  formed  during  the 
second  year  resembles  the  periderm  of  the  stem.  Each  of  its  cells  reveals 
a  suberous  framework  (su,  Figure  69)  and  a  very  thick,  hard  thickening 
(eps)  on  its  inside  half.  Later  the  periderm  of  the  stem,  which  formr  at 
the  expense  of  the  deepest  layer,  will  connect  with  it. 

The  leaf  scar  has  the  shape  of  a  crescent  more  or  less  open  toward 
the  surface,  on  which  we  can  distinguish  three  or  four  navels.  The  axillary 
bud  is  located  inside  and  against  the  top  of  the  crescent.  The  two  scar 
crescents  of  one  and  the  same  node  unite  laterally,  forming  a  more  or  less 
raised  angle  between  them  along  the  stem  (ci,  Figure  70).  Above  each  of 
the  scars  we  can  see  the  depression  of  the  surface  of  the  stem  into  which 
fits  the  petiole  swelling  spur  (emp);  it  extends  in  an  arc  from  one  end  of 
the  crescent  to  the  other,  above  the  bud. 
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Laticiferous  Organs 


We  find  articulated  laticiferous  organs  in  the  bast  of  the  bundles 
of  Negundo;  the  cells  of  these  organs  are  very  long  in  the  other  parts  of 
the  plant  but  they  are  shorter  at  the  base  of  the  petiole.  These  milk¬ 
bearing  organs,  at  the  level  of  the  ligno-suberous  stratum,  subdivide 
several  times  transversally  before  the  leaf  falls;  the  new  cells  formed 
by  this  subdivision  are  ligno-suberized  like  those  of  the  neighboring 
parenchyma.  I  reported  a  similar  fact  in  the  case  of  Aesculus  Hippocastanum. 
As  in  the  case  of  the  latter,  the  generating  zone  of  the  cork  crosses  them 
while  subdividing  them  (L  Lj,  Figure  69).  All  the  new  partitions  here  are 
always  transversal  so  that  —  even  when  the  cork  is  thick,  such  as  at  the 
end  of  the  second  year,  for  example  —  we  can  still  clearly  recognize  the 
file  of  peridermal  cells  derived  from  the  laticiferous  organ;  this  is  even 
clearer  when  it  is  composed  of  cells  that  are  much  larger  than  those  of 
the  neighboring  files.  In  addition,  the  cork  formed  by  the  subdivision  of 
the  laticiferous  organs  is  histologically  similar  to  that  of  the  rest  of 
the  pulvinus. 


Chapter  VI,  Species  Related  to  the  Type  Moras  nigra 

In  Mcrus  nigra,  as  in  the  preceding  type,  the  ligno-suberous  cica¬ 
trization  stratum  is  already  finished  at  the  time  the  leaf  falls  but  the  tis¬ 
sues  of  the  pulvinus  earlier  underwent  meristematic  action;  this  stratum,  by 
the  way,  is  formed  at  the  expense  of  these  tissues. 

Here  is  a  list  of  species  related  to  that  type:  Korus  alba,  Sophora 
japonica,  Keni  spermum  canadense,  Chimonanthus  fragans,  Platanus  occidentalis, 
Fraxinus  juglandifolia,  F.  Omus,  Magnolia  acuminata,  Catalpa  bignonioides, 
Juglans  nigra,  Celastrus . scandens,  Asimina  triloba ta,  Aralia  spinosa. 

Morus  Alba  L. 

Everything  we  have  said  earlier  in  the  case  of  M.  nigra,  with  respect 
to  the  changes  that  occur  in  the  base  of  the  petiole  during  the  first  and 
second  years,  also  applies  to  M.  alba;  this  occurs  in  the  same  order  but 
about  15  days  later. 

The  cicatrization  of  the  branching  milk-bearing  organs  in  this  spe¬ 
cies  is  likewise  the  same  as  in  M.  nigra. 

Sophora  Japonica  L. 

The  petiole  of  Sophora  japonica  has  a  swelling  at  its  base  which,  as 
in  some  of  the  case  we  studied  earlier,  conceals  the  axillary  bud.  The  lat¬ 
ter  is  very  flat  and  this  is  why  the  swelling  covers  it  without  growing  hol¬ 
low  in  the  form  of  a  cavity  which  would  contain  it  in  the  same  fashion  as 
in  Gleditschia  triacanthos  (Figure  84). 

The  separating  stratum  forms  a  little  above  the  insertion  of  the  leaf, 
ac  the  base  of  the  swollen  portion  covering  the  bud. 

Tie  lignification  of  the  elements  of  the  petiole,  above  the  separa¬ 
ting  stratum,  involves  a  very  thick  region;  at  the  time  the  leaf  falls,  this 
region  is  even  thicker  than  the  ligno-suberous  lamina. 

In  Sophora  japonica,  the  partitions  in  the  pulvinus  appear  later  than 
in  Morus  nigra,  that  is,  toward  mid-October.  Moreover,  the  progress  of  scar 
differentiation  is  not  the  same  here;  it  is  first  of  all  the  layer  of  cells 
forming  the  separating  stratum  that  subdivides  many  times;  then  this  subdi¬ 
vision  is  propagated  in  the  subjacent  cells.  Only  later  on  do  we  observe 
the  lignification  of  the  tissues,  above  the  separating  stratum,  and  even 
later  than  that,  a  short  time  before  defoliation,  do  we  get  the  ligno-suberl- 
sation  of  the  meristematio  stratum. 

After  the  leaf  falls,  the  first  cicatrization  lamina  often  becomes 
a  little  thioker  as  a  re  cult  of  ligno-suberituf ion  of  the  primaiy  elements 
of  the  pulvinus  below  it. 
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Quite  often,  during  the  first  year,  as  a  matter  of  fact,  the  vas¬ 
cular  thalli  situated  below  the  ligno-suberous  stratum  and  primarily  in  the 
vicinity  of  the  re-entry  of  the  leaf  bundles  into  the  bast-ligneous  cauli¬ 
nary  crown,  get  considerably  thicker  walls  and  these  walls  are  then  lignified. 

The  scar  cork  —  unlike  that  of  Morus  nigra  —  is  not  accompanied  by 
phelloderm  and  ends  rather  abruptly  against  the  epiderm  without  involving  it 
in  any  way  and  without  curving  toward  the  bottom.  Later  on,  tho  pariderm  of 
the  stem,  which  is  formed  more  deeply  between  the  second  and  the  fifth  layers 
of  the  cortical  parenchyma,  connects  with  it. 

The  leaf  pulvinus  is  very  prominent  and  the  scar  is  V-shaped  (ci.  Fig¬ 
ure  71 );  between  the  branches  of  this  V  we  have  the  bud  which  is  very  flat  and 
which  has  very  black  flaky  leaf -bud  scales.  At  the  top  and  at  the  two  ends  of 
the  V  we  have  three  big  fascicular  navels.  Starting  from  the  lateral  extremi¬ 
ties  of  the  scar  and  going  on  above  the  bud,  we  can  see  the  very  pronounced 
pouches  of  the  cortical  tissue  of  the  upper  intemode;  the  side  of  the  pet¬ 
iole  swelling,  which  covered  the  bud  (br,  Figure  ?1),  is  supported  against 
this  pouch  before  the  leaf  falls. 

As  in  the  case  of  Rhus  Coriaria,  the  vegetative  aborted  top  of  the 
shoot  is  pushed  to  the  side  and  the  axillary  bud  of  the  last  leaf  becomes 
terminal. 


Menispermum  Canadense  L. 


In  this  species,  the  base  of  the  leaf  is  horseshoe-shaped  around 
four  superposed  axillary  buds  (B,  Figure  72)  whose  size  increases  as  we  go 
from  the  bottom  to  the  top  one.  These  buds  are  very  flat  and  the  first 
three  (Figure  72)  are  covered  with  a  swelling  of  the  petiole,  in  the  same 
way  as  the  one  and  only  bud  of  Sqphora  japonica;  the  fourth  bud  is  in  the 
open  air  and  consequently  appears  to  exist  only  in  the  axilla  of  the  leaf. 


The  ligno-suberous  lamina  is  not  at  all  thick;  its  one  special  fea¬ 
ture  is  represented  bv  the  fact  that  it  grows  not  only  across  the  constric¬ 
tion  of  the  petiole  (ss.  Figure  72)  but  that  it  is  extended  beyond  that  point, 
into  the  petiole  swelling,  along  its  inside  face,  opposite  the  buds  (lp.  Fig¬ 
ure  72).  In  this  latter  region  it  is  made  up  of  a  group  of  a  two  to  four 
layers  of  cells  adjoining  the  epiderm  which  does  not  undergo  any  change. 


The  separating  stratum  (cs.  Figure  72),  which  in  this  case  is  not 
of  meristematic  origin,  is  contiguous  to  the  ligno-suberous  lamina  and  like¬ 
wise  consequently  is  prolonged  into  the  petiole  swelling.  Above  it  there  is 
no  lignification  of  tissues. 


The  arrangement  just  described  means  that,  after  the  leaf  falls,  the 
ligno-suberous  cicatrization  stratum  is  prolonged,  opposite  the  lowest  three 
buds,  by  a  thin  lamina  which  covers  them  and  which  protects  them  during  the 
winter;  I  have  called  this  the  leaf -bud  scale  lamella  (lp,  Figure  7j). 
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(I  used  the  tern  "leaf -bud  scale"  because  it  protects  the  buds  dur¬ 
ing  the  vrinter  and  because  it  can  be  compared  to  the  flakes  of  the  same  name. 
However,  in  using  the  term  "lamella, "  I  wanted  to  differentiate  it  quite 
definitely  from  the  ordinary  flakes  whose  origin  is  quite  different.  This 
is  the  kind  of  lamella  that  was  found  by  Mr.  Wiesner,  G.,  "  Investigations 
on  Autumn  Defoliation  of  Ligneous  Plants, "  Sitz.  d.  k,  Akad,  d.  Wissench. 
zu  Wien.  1871,  page  506,  in  the  case  of  Philadelphus  coronarius  and  by  Mr. 
Mikosch,  K.,  "Contributions  to  the  Anatomy  and  Morphology  of  Bui  Covers  of 
Dicotyledonous  Ligneous  Plants, "  idem,  1 8?6,  page  751 )  in  the  case  of  Berburis 
and  Robinia,  which  the  latter  author  has  given  the  name  "Articulartegmente " 
/joint  covers/. ) 

Thus  we  see  that,  although  the  insertion  of  the  petiole  has  the 
shape  of  a  horseshoe  inside  which  we  find  the  buds,  the  fresh  scar  (ci,  Fig¬ 
ure  74)  is  almost  circular  and  slightly  cord-shaped  in  its  upper  portion  and 
is  topped  by  only  one  bud.  On  the  other  hand,  the  direction  of  the  separa¬ 
ting  stratum  above  the  pulvinus  and  the  direction  of  this  stratum  in  the 
swelling  of  the  petiole  are  inclined  against  each  other  and  toward  the  stem 
and  this  is  why  the  surface  of  the  scar  is  slightly  folded  in  the  form  of  a 
semi-circular  groove  (Figure  73)* 

In  the  cortical  parenchyma  of  the  petiole  and  of  the  stem  of  Menis- 
perraum  canadense,  we  have  enormous  sclerites  with  very  thick  walls  and  with 
branching  punctures  in  which  the  thickening  and  lignification  of  the  walls 
begin  rather  late,  around  July.  They  are  rarer  at  the  level  of  the  cicatri¬ 
zation  stratum. 

At  the  time  when  this  stratum  is  differentiated,  there  are  some 
sclerites  which  no  longer  contain  any  protoplasm  or  any  apparent  nuclei; 
these  sclerites  then  do  not  undergo  any  change.  The  other.',  in  which  the 
nucleus  and  the  protoplasm  are  still  quite  visible,  may,  on  the  other  hand, 
reveal  the  following  transformations.  A  few  of  them  simply  lose  their  con¬ 
tent.  The  others  split  like  the  cells  of  the  parenchyma  of  the  pulvinu3 
once,  twice,  or  three  times,  depending  on  their  size  (a,  Figure  75).  The 
new  partitions  thus  formed  remain  thin  and  do  not  acquire  any  boixU-red  pits 
but  they  become  lignified  like  the  walls  of  the  mother  cell.  In  addition, 
the  daughter  cells  thus  formed  may  —  although  rarely  —  be  covered  by  a 
suberous  film  (sub.  Figure  75)  which  penetrates  to  the  bottom  of  the  branch¬ 
ing  bordered  pits,  just  as  it  happens  in  the  cells  of  the  neighboring  paren¬ 
chyma. 


What  I  have  just  said  with  respect  to  the  sclerites  of  Menispennum 
canadense  applies  to  the  majority  of  them,  that  is  to  say,  to  those  which 
already  have  very  thick  walls  at  the  beginning  of  the  differentiation  of 
the  cicatrization  stratum.  It  sometimes  happens,  however,  that  some  of  these 
enormous  cells  destined  to  form  sclerites  at  that  time  are  still  in  the  be¬ 
ginning  stage  of  their  differentiation;  their  walls  still  have  the  same 
thickness  as  those  of  the  neighboring  tissue  and  they  are  cellulosio  or  they 
are  simply  equipped  with  a  very  thin  lignified  thickening.  After  that  they 
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split  many  times  in  a  wide  variety  of  directions,  forming  a  parenchymatous 
tissue  which  takes  on  the  histological  characterization  of  the  neighboring 
tissue.  We  can  however  st:  .11  recognize  the  cells  derived  from  this  subdi¬ 
vision  by  the  fact  that  their  size  is  a  little  greater  than  that  of  the  ele¬ 
ments  of  the  enveloping  parenchyma.  In  addition  they  constitute  a  group 
which  is  always  surrounded  by  the  wall  of  the  mother  cell;  this  wall,  as  I 
indicated  earlier,  might  already  contain  a  beginning  of  the  lignified  thick¬ 
ening  at  the  time  the  subdivision  or  partitioning  starts. 

In  the  elements  of  the  ligno-suberous  stratum  near  these  sclerites, 
the  new  partitions  very  often  run  parallel  to  the  walls  of  these  sclerites. 

Let  us  go  back  now  to  cicatrization*  During  the  second  year  a  thick 
scar  cork  develops  below  the  ligno-suberous  stratum;  this  thick  scar  cork, 
however,  does  not  extend  into  the  leaf -bud  scale  lamella. 

Very  often  we  have  a  second  cork  forming  near  the  outside  of  the 
pulvinus;  this  second  cork  runs  obliquely  to  the  first  and  reminds  us  of  the 
one  in  Rhus  Coriaria;  however,  the  parenchyma  intercalated  between  them  does 
not  undergo  any  lignification  here. 

In  almost  all  cases,  the  zone  that  generates  the  scar  cork  at  tne 
same  time  produces  a  thick  phelloderm.  The  cells  of  this  phelloderm  are 
parenchymatous  and  they  are  strongly  amyliferous;  after  growing  longitudi¬ 
nally,  each  of  them  may  subdivide  transversaliy  once  or  twice;  in  this 
fashion  we  can  count  as  many  as  15  layers  of  phelloderm  in  certain  pulvini; 
these  layers  of  phelloderm  are  formed  either  directly  by  the  generating  zone 
or  after  the  subdivision  of  the  cells  derived  from  this  zone.  In  the  region 
furthest  away  from  the  generating  zone  jin  the  most  distant  region  of  the 
generating  zone/,  these  cells  are  found  further  and  further  apart  in  a  more 
or  less  angular  pattern;  they  become  quite  roundish  although  they  continue 
along  a  longitudinal  file. 

When  the  buds  in  the  axilla  of  the  leaf  abort  during  the  second  year, 
their  scar  is  closed  by  a  thick  cork  which  continues  almost  dire  tly  that  of 
the  leaf  pulvinus.  In  this  case,  the  phelloderm  which  accompanies  it  is 
likewise  very  much  developed  opposite  the  buds  and  continues  that  of  the  leaf 
scar  which,  at  that  time  very  thick  on  the  side  of  the  buds,  gradually  di¬ 
minishes  toward  the  outside  of  the  leaf  pulvinus  where  it  ceases  to  exist. 

On  the  other  hand,  when  all  of  the  buds  or  at  least  the  lowest  one  of  them 
remain  dormant,  the  scar  cork  d**s  not  extend  beyond  the  axilla  and  the 
corresponding  phelloderm  has  its  laximum  thickness  in  the  center  of  the  pul¬ 
vinus  and  extends  along  all  of  its  circumference. 

During  the  second  year,  the  leaf -bud  scale  lamina,  which  we  earlier 
saw  co vo ring  the  lowest  three  buds,  splits  longitudinally  under  the  influ¬ 
ence  of  the  diametral  growth  of  the  stem  or  of  the  axillary  shoot,  if  it 
produces  one. 

ghL-fimtfra  Tirana  Until* 
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The  ligno-suberous  lamina  here  includes  only  four  or  five  layers  of 
cells.  In  contrast  to  what  we  have  in  Morus  nigra,  the  cell  partitions  hero 
appear  first  of  all  in  the  internal  cortical  parenchyma  of  the  pulvinus  and 
against  the  bundles;  they  are,  furthermore,  less  and  less  numerous  as  we  go 
from  the  base  of  the  scar  stratum  toward  the  separating  stratum. 

The  lignification  of  the  tissues  of  the  petiole,  above  the  separa¬ 
ting  stratum,  involves  an  average  of  four  or  five  layers  of  colls. 

Platanus  Occidentals  L. 

At  its  base  the  petiole  has  a  swelling  which  houses  the  axillary  bud, 
as  in  the  case  of  Rhus  Coriiria. 

The  changes  which  occur  at  the  base  of  the  petiole  are  the  same  as  in 
Chimonanthus  fragrans.  The  lignification  of  the  tissues,  above  the  separa¬ 
ting  stratum,  is,  however,  much  less  accentuated,  as  in  the  case  of  Morus 
nigra. 


After  the  leaf  falls,  the  ligno-suberization  of  the  elements  of  the 
bundles  often  descends  very  low  inside  the  leaf  pulvinus. 

The  scar  cork,  which  develops  during  the  second  year,  grows  across 
the  entire  pulvinus;  sometimes,  however,  when  the  hard  bast  of  the  bundles 
is  very  thick  at  the  level  of  its  formation,  this  cork  does  not  manage  to 
grow  across  it  and  descends  more  or  less  deeply  into  the  pulvinus,  forming 
a  sleeve  around  it.  It  then  looks  very  much  like  the  cork  we  described  dur¬ 
ing  the  second  year  of  Robinia  hispida  (lieg.  Figure  83). 

The  leaf  scar  forms  a  tight  pentagonal  bandjalmost  completely  sur¬ 
rounding  the  bud;  it  is  wider  opposite  the  angles  j_  comers_/  in  which  we 
find  the  navels  (ci.  Figure  76).  As  in  the  case  of  Rhus  Coriaria,  the  axil¬ 
lary  bud  of  the  scar  becomes  terminal  at  the  top  of  the  shoots. 

Fraxinus  Ornus  L. 

The  colls  of  the  ligno-suberous  stratum  split  rather  early,  in  Aug¬ 
ust,  as  in  the  ca^e  of  Morus  nigra;  however,  the  ligno-suberization  of  the 
elements  of  this  lamina  occurs  only  around  mid-September  and  it  is  preceded 
by  the  subdivision  of  the  separating  stratum  as  well  as  by  the  differentia¬ 
tion  of  the  subcicatricial  lignified  region. 

The  secondary  scar  cork  Js  not  at  all  thick  and,  like  the  periderm 
of  the  stem,  each  of  its  cei^  (lie,  Figure  77),  has  a  thin  suberous  frame¬ 
work  (su)  which  is  reinforced  (doubled)  by  an  internal  celluiosio  thickening 
(cel)  which  is  likewise  not  very  thick.  Opposite  it  there  almost  always  de¬ 
velops  a  phelloderm  (ph)  as  in  the  oase  of  Kenispermum  canadense;  this  phel- 
loderta  may  include  as  many  as  12-15  layers  at  the  level  of  rupture  of  the 
bundles. 
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Lnus  Juglandifolia  Lamk. 


In  this  species  the  cicatrization  lamina  is  thicker  than  in  F.  Ornus; 
here  the  partitions  are,  moreover,  less  numerous  and  they  appear  much  later, 
toward  the  end  of  July.  Besides,  as  in  the  case  of  Morus  nigra,  the  division 
of  the  cells  is  followed  almost  immediately  by  their  ligno-suberization. 

We  may  also  have  a  phelloderm  below  the  zone  that  generatos  the  scar 
cork  but  it  is  always  less  thick  than  in  the  case  of  Fraxinus  Orauu  and  it 
includes  four  or,  at  most,  five  layers  of  cells. 

Asimina  Trilobata  Dun,  and  Kagnolia  Acuminata  L. 

The  ligno-suberous  stratum  is  differentiated  a  short  time  before  the 
leaf  falls,  around  the  end  of  September;  nevertheless,  it  reaches  the  bundles 
almost  completely  before  the  leaf  falls. 

There  is  no  subcicatricial  lignified  stratum  and  the  separating  stra¬ 
tum  consists  of  two  layers  which  most  frequently  are  subdivided  only  in  the 
external  region  of  the  petiole. 

At  the  end  of  the  second  year,  the  secondary  scar  cork  has  a  thick¬ 
ness  of  only  two  or  three  layers;  it  is  not  accompanied  by  phelloderm. 

These  secreting  cells  —  which  generally  are  widespread  throughout 
the  cortical  parenchyma  of  the  stem  and  the  petiole  —  are  rare  at  the  level 
of  the  ligno-suberous  lamina.  They  do  not  undergo  any  change  of  a  cicatri¬ 
cial  nature  inside  this  lamina;  their  wall  remains  cellulosic  and  their  con¬ 
tent  dries  out. 

Gatalna  Bignonioi'des  Wal. 


In  this  Catalpa,  the  ligno-suberous  lamina,  which  exists  already  at 
the  time  the  leaf  falls,  is  very  thick,  at  least  with  respect  to  the  lamina 
in  the  previously  mentioned  species;  its  size  turns  out  to  be  in  a  direct 
ratio  to  the  great  width  of  the  insertion  of  the  petiole.  The  partitions 
here  are  still  numerous  in  the  external  region  of  the  petiole  where  the  cells 
composing  it  are  big;  they  are  much  less  numerous  in  the  internal  region  where 
the  cells  of  the  parenchyma  are  very  small. 

There  is  no  lignif ication  in  the  tissues  above  the  separating  stratum. 

We  know  that  the  bundles  are  distributed,  in  the  base  of  the  petiole, 
on  the  pattern  of  an  almost  complete  circle;  the  biggest  among  them  are  lo¬ 
cated  in  its  external  region.  Around  the  three  or  five  biggest  bundles,  the 
ligno-suberous  stratum,  which  invades  them  almost  corrpletely  a  little  before 
the  fall  of  the  leaf,  is  almost  always  thioker  than  anywhere  else;  besides 
it  rises  very  high  in  the  petiole  (ss,  Figure  80),  forming  one  or  more  cones 
which  envelop  all  of  theae  bundles  together  or  each  one  of  them.  The  separa¬ 
ting  stratum  follows  the  upper  limit  of  this  ligno-suberous  lamina  and  as  a 
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re  si' It  of  this  the  partitions,  which  constitute  and  which  are  always  paral¬ 
lel  to  its  direction  —  in  the  raised  region  around  the  bundles  —  turn  out 
to  run  considerably  oblique  and  sometimes  even  completely  longitudinal. 

This  prominence  of  the  separating  stratum  and  of  the  ligno-suberous 
lamina  around  tho  bundles  produces  the  following  situation  after  the  leaf 
falls;  in  the  external  region  of  the  leaf  scar,  which  is  elliptical  (ci. 

Figure  81 ),  we  then  either  have  a  single  big  conical  crest  (em)  t  several 
smaller  ones  which  are  more  or  less  widely  joined  together  by  their  base. 

On  the  largest  scars  —  that  is  to  say,  on  those  in  the  middle  region  of  the 
shoots  —  these  kinds  of  thorns  may  protrude  as  much  as  4  mm  above  the  sur¬ 
face  of  the  scar. 

I  did  not  observe  anything  in  the  constitution  of  the  bundles  in  this 
region  that  might  explain  this  particular  feature  of  the  ligno-suberous  stra¬ 
tum.  Perhaps  it  develops  under  the  influence  of  the  lignified  marrow  of  the 
stem  which,  itself,  in  some  points  advances  into  the  base  of  the  pulvinus 
(m.  Figure  80),  along  the  inside  of  the  leaf  bundles  in  this  region.  It  seems, 
as  a  matter  of  fact,  that  its  presence  prevents  the  cicatrization  lamina  from 
transversal^  cutting  the  base  of  the  leaf  and  it  seems  that  it  forces  it  to 
move  up  parallel  to  its  surface. 

The  ligno-suberization  of  the  elements  of  the  pulvinus  appears  in 
many  points  at  the  same  time,  toward  mid -September.  Around  mid-October  the 
separating  stratum  differentiates  and  the  vessels  are  filled  with  thalli. 

The  scar  cork  is  not  at  all  thick  here.  At  the  level  of  the  protru¬ 
sions  of  the  ligno-suberous  stratum,  it  follows  the  lower  boundary  of  this 
stratum  and  as  a  result  of  this  describes  a  curve  at  whose  top  it  cuts  the 
bundles. 

Ju elans  Nigra  L. 

In  J.  nigra,  the  meri sterna tic  partitions  exist  only  in  the  lower  por¬ 
tion  of  the  ligno-suberous  lamina.  The  separating  stratum  is  formed  here  at 
the  expense  of  the  cells  of  the  petiole  which  have  not  subdivided  earlier. 

The  ligno-subi  ri zation  of  the  cells  of  the  pulvinus  occurs  toward 
mid-September.  The  scar  cork  is  very  thick  and  finds  it  very  difficult  to 
grow  across  the  hard  bast  when  the  latter  extends  all  the  way  to  its  differ¬ 
entiation  level. 

The  crrf stal -bearing  cells  are  extremely  numerous  in  the  entire  corti¬ 
cal  parenchyma  of  the  plant  and  especially  in  that  of  the  pulvinus,  below  the 
cicatrization  strata.  Those  that  are  inside  the  primary  scar  lamina  are  lig- 
no-su be riied  like  the  other  element-  of  the  cortical  parenchyma. 

saa&anaJu. 

Kore  everything  )  ppena  the  way  it  happens  in  the  case  of  Morus  nigra 
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but  ve  do  rot  have  any  subcicatriciai  lignified  stratum,  here  and  the  ligno- 
suberizaticn  of  the  pulvinus  roaches  alnost  all  of  the  bundles  before  the 
leaf  falls.  The  separating  stratum  most  often  describes  a  slight  curve  down¬ 
ward  as  it  moves  across  the  bundles. 

Ar«ilia  Soinosa  L. 

Between  the  separating  stratus 'and  the  primary  scar  stratum  *a  r.  v . 
a  medium  stratus,  of  two  to  four  layers  of  sacrificed  parar.chy:-. 

As  in  some  of  the  earlier  species,  the  partitions  in  the  ligno-suber- 
ous  lamina  are  more  numerous  in  the  lower  portion. 

The  cortical  parenchyma  and  the  bast  of  the  bundles  contain  numerous 
secreting  channels.  Sone  time  before  defoliation,  those  in  the  base  of  the 
leaves  are  failed  with  gunny  lignin.  This  obstruction  occurs  first  of  all 
at  the  level  of  the  ligno-suberous  stratum;  but  it  descends  a  little  below 
this  stratum  when  the  latter  extends  up  to  a  rather  considerable  distance 
above  it,  in  that  part  of  the  leaf  which  is  going  to  fall.  In  other  words, 
the  gussy  lignin  is  produced  here  in  the  same  region  as  tb?  thalli  inside  the 
channels  in  the  case  of  Rhus  Coriaria  and  Cotinus  (tfc,  Figure  64).  As  for 
the  elongation  of  the  epithelial  cells,  such  as  ve  described  it  in  these  lat¬ 
ter  species,  we  can  say  that  it  occurs  only  sometimes  in  A.  spinosa  and  then 
only  at  the  lower  level  of  the  ligno-subercu  s  stratum  where  the  partitions 
of  this  stratum  are  most  numerous  But  this  elongation,  preceded  by  several 
subdivisions  (c.  Figure  79).  is  always  arrested  early  by  the  appearance  of 
the  gummy  lignin  (lig)  inside  the  canal.  During  the  second  year  these  se¬ 
creting  oanais  are  constricted  under  the  influence  of  the  scar  cork  which 
eventually  winds  up  traversing  them  completely. 
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We  recall  that  this  type  differs  from  the  two  preceding  types,  Dio- 
spyros  and  Moras,  by  the  fact  that  the  scar  stratus  here  is  already  equally 
formed  before  defoliation  and  is  cade  up  only  of  a  secondary  cork. 

I  found  very  few  species  that  are  related  to  this  type;  here  they 
are;  Aesculus  rubicunda  and  parsiflora,  Salix  caprea  and  repens,  Populns 
alba,  Viburnum  opulus  and  Tentago,  Sanbucus  nigra  and  racesosa. 

Aesculus  Rubicunda  Lead,  and  Ae.  Paxviflora  'Jail. 

In  these  two  species  the  codifications  which  occur  at  the  base  of 
the  leaves  before  they  fall  and  those  which  follow  the  fall  of  the  leaves 
are  the  sage  as  in  the  case  of  Ae.  Hippocastanun.  However,  in  Ae.  parvi¬ 
flora,  the  formation  of  scar  cork  begins  in  August,  instead  of  July. 

Salix  Caprea  L.  and  Ponulus  Alba  Link. 

In  these  two  species,  the  scar  cork,  already  forced  before  the  fall, 
has  essentially  the  sa me  thickness  throughout  the  entire  width  of  the  pul- 
vinus.  It  is  in  direct  contact  with  the  separating  stratum  and  the  thin 
ligno-suberous  region,  which  tops  it  in  Aesculus,  is  completely  absent  here. 

We  no  longer  observe  any  trace  of  lignification  above  the  separating 

stratum. 

The  progress  of  differentiation  of  the  scar  cork  is  not  the  same 
as  in  the  Aesculus  types  where  it  is  formed  primarily  across  the  cortical 
parenchyma,  and  continues  for  a  long  tine  without  connecting  with  the  peri¬ 
derm  of  the  stem.  On  the  other  hand,  in  S.  caprea,  the  cork  begins  to  dif¬ 
ferentiate  along  the  circumference  of  the  pulvinus;  besides,  it  ?.ppoar» 
only  toward  the  middle  of  September,  in  other  words,  much  later  than  in  the 
case  of  Aesculus  Hippocastanun. 

At  the  moment  the  leaf  falls,  this  cork  is  histologically  constituted 
like  the  cork  of  the  stem,  that  is  to  say,  its  cells  have  thin  walls,  except 
in  the  vicinity  of  the  generating  zone  where  they  have  a  strong  suberous 
thickening  on  their  outside  walls. 

Salix  Resens  L. 

This  species  differs  especially  from  the  preceding  Salix  caprea  by 
the  fact  that  its  scar  cork  is  not  as  thick  and  by  the  fact  that  they  thalli 
are  less  frequent  in  the  vessels  before  the  leaf  falls. 

Sanbucus  Racemosa  L.  and  Samba cus  Nigra  L. 

At  the  moment  the  leaf  falls,  in  both  of  these  species,  the  scar 
cork  exists  only  in  the  external  region  of  the  pulvinus  whereas  it  is  topp 


t>y  two  or  three  layers  of  lignified  parenchyma  in  its  internal  region.  As 
in  the  case  of  Salix  caprea,  there  is  no  subcicatricial  lignified  stratum 
here. 


The  process  of  differentiation  of  the  scar  cork  is  the  same  as  in 
Salir  caprea  but,  in  contrast  to  what  we  have  just  seen  for  this  species  and. 
the  preceding  ones,  this  cork  stops  around  the  bundles;  it  no  longer  cli;..bs 
up  toward  the  petiole  but  this  time  descends  lower  and  lower  toward  the  pul- 
vinus.  It  is  not  as  thick  in  S.  racemosa  as  in  S.  nigra. 

Viburnum  Onulus  L. 

At  the  moment  the  leaf  falls,  the  scar  cork,  in  V,  opulus,  is  miss¬ 
ing  most  frequently  in  the  regions  of  the  cortical  parenchyma  which  are  sit¬ 
uated  opposite  the  bundles;  here  it  is  replaced  by  a  ligno-suberous  stratum 
which  is  formed  at  the  expense  of  the  primary  tissue  and  which  has  earlier 
undergone  a  slight  meristematic  action. 

The  cells  of  the  separating  stratum  reveal  numerous  partitions;  some¬ 
times  we  have  as  many  as  six  here  which  are  oriented  tranrversally  in  a  more 
or  less  regular  fashion.  Between  the  separating  stratum  and  the  cicatriza¬ 
tion  stratum  we  have  two  or  three  layers  of  sacrificed  parenchyma  which  are 
likewise  heavily  partitioned. 

All  of  these  different  strata  are  differentiated  quite  a  bit  later 
than  in  the  case  of  Aesculus  Hippoeastanum,  that  is,  around  the  middle  of 
September.  Moreover,  their  order  of  appearance  is  different.  The  subdivi¬ 
sions  of  the  separating  stratum  come  first  here;  next  comes  the  subcicatri- 
cial  lignification  ox  the  separating  stratum.  A  little  later  the  subdivi¬ 
sions  reach  the  subjacent  layers  of  the  sacrificed  parenchyma  and  finally 
a  generating  zone  appears  further  down  which  rapidly  gives  rise  to  the  scar 
cork  prior  to  defoliation. 

Although  the  separating  stratum  here  is  thick,  the  actual  separation 
occurs  here  only  in  its  upper  portion. 

Viburnum  Lentago  L« 

In  this  species,  as  in  the  preceding  species,  the  cells  of  the  sep¬ 
arating  stratum  are  heavily  subdivided;  this  also  applies  to  those  which 
separate  it  from  the  scar  cork;  however,  at  the  time  of  defoliation,  the 
latter  exists  throughout  the  entire  width  of  the  pulvinus  and  even  in  the 
internal  cortical  parenchyma,  opposite  the  bundles.  Besides,  the  partitioned 
region,  which  corresponds  to  the  sacrificed  parenchyma  of  V.  opulus,  is  lig¬ 
nified  before  the  differentiation  of  the  subjacent  cork. 

In  this  species  we  do  not  have  a  subcicatricial  lignified  stratum. 
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Chapter  VIII.  Species  Related  to  the  Tyne  Forsythia  suspensa 


The  type  Forsythia  suspensa  is  characterized  by  the  presence  —  at  the 
time  the  leaf  falls  —  of  a  double  cicatrization  lamina  in  which  a  well  de¬ 
veloped  ligno-suberous  stratum  tops  a  stratum  of  secondary  cork.  The  ligno- 
suberous  stratum  is  formed  at  the  expense  of  the  cells  of  the  pulvinus  which 
have  not  subdivided  in  advance. 

Here  are  the  species  related  to  this  type:  Acer  canpestre,  Rhamnus 
catharticus,  frtyrica  Gale,  Robinia  hispida  and  Pseudo-Acacia,  Gleditschia  tri- 
acanthos. 

Acer  Campestre  L. 

The  cork  of  the  cicatrization  lamina  includes  only  three  or  four  layers 
of  cells;  most  often  it  cuts  slightly  into  the  side  or  edge  of  the  bundles 
even  before  the  leaf  falls.  The  ligno-suberous  portion  also  cuts  into  them 
but  much  more  deeply. 

Contrary  to  what  we  have  in  Forsythia  suspensa,  we  do  have  lignifica- 
tion  of  tissues  above  the  separating  stratum  —  although  this  lignification, 
to  be  sure,  is  not  at  all  intensive. 

The  separating  stratum  is  very  thin  and  consists  of  one  layer  of  cells 
that  have  split  once  or  twice.  The  cells  are  then  doubled  on  the  inside  here, 
as  well  as  in  all  the  other  species  which  I  related  to  the  type  Forsythia,  as 
in  the  case  of  Amorpha  fruticosa. 

The  scar  strata  differentiate  very  early,  around  the  beginning  of  Aug¬ 
ust.  As  in  the  case  of  Forsythia,  the  ligno-suberous  portion  appears  first 
but  its  differentiation  begins  in  the  external  cortical  parenchyma  in  the  vi¬ 
cinity  of  the  bundles. 

The  crystal-bearing  cells,  which  are  numerous  at  the  base  of  the  leaf, 
here  behave  like  their  neighbors,  in  this  respect  recalling  those  of  Alnus 
glutinosa  (Figure  50). 

In  the  bast  of  the  bundles  of  Acer  campestre  we  have  a  few  rare  arti¬ 
culated  milk -bearing  organs.  At  the  level  of  differentiation  of  the  scar 
cork,  these  milk-bearing  organs  split  transversally  and  contribute  to  its 
formation  (la,  Figure  78). 

The  cicatrization  of  the  vessels  here  occurs  primarily  through  the 
thalli  which  develop  before  defoliation  throughout  the  entire  base  of  the  leaf. 

Kvrica  Gale  L. 

The  double  cicatrization  lamina  is  not  at  all  thick  here  and,  in  the 
inside  half  of  the  pulvinus,  the  ligno-suberous  portion  exists  ordinarily  by 
itself.  On  the  other  hand,  above  the  separating  stratum,  the  lignification 
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of  the  tissues  is  very  intensive  and  involves  a  very  thick  region  above  all 
in  the  internal  cortical  parenchyma.  We  have  several  layers  of  sacrificed 
parenchyma  below  the  separating  stratum* 

The  ligno-suberous  portion  of  the  scar  strata  differentiates  first 
around  the  middle  of  September  but  the  cork  appears  below  it  even  before  it 
has  been  completely  formed. 

Rhamnus  Catharticus  L. 


In  this  species  the  cicatrization  lamina  is  very  thick  when  compared 
to  the  diameter  of  the  petiole  and  it  has  the  same  thickness  throughout  its 
entire  extent;  its  lower  limit  is  founc  exactly  at  the  level  of  the  axillary 
angle  (corner)  of  the  leaf.  Its  secondary  cork  is  not  thick  but  in  its  vi¬ 
cinity  the  cells  of  the  ligno-suberous  stratum  sometimes  have  completely  su- 
berized  walls. 

The  separating  stratum  is  formed  as  a  result  of  the  subdivision  of  a 
single  primary  layer;  this  subdivision  occurs  cnce  or  twice.  The  subcicatri- 
cial  stratum  is  not  thick  but  it  is  heavily  lignified. 

The  crystal-bearing  cells  inside  the  primary  scar  stratum  are  ligno- 
suberized  like  its  other  elements. 

Robinia  Pseudo-Acacia  L. 

As  in  some  of  the  other  species  which  we  studied  earlier,  the  petiole 
has,  at  its  base,  a  hollow  swelling  consisting  of  n  conical  cavity  which  con¬ 
tains  the  two  to  four  superposed  axillary  buds  (B,  Figure  82).  Inside  this 
cavity,  the  epiderm  of  the  petiole  is  doubled  by  a  secretory  hypoderm  com¬ 
prising  one  or  two  layers  of  cells  that  are  larger  than  the  other  parenchy¬ 
matous  elements  of  the  organ.  The  lime  oxalate  crystals  are  abundant  in  the 
parenchyma  at  the  base  of  the  petiole-  swelling  and  especially  in  contact  with 
the  hypoderm. 

The  separating  stratum  is  made  up  of  one  layer  of  cells  which  have 
earlier  been  subdivided  transversally  several,  times.  It  is  located  rather 
far  from  the  leaf  insertion  and,  as  in  Menispermum  canadense,  it  grows  not 
only  across  the  constricted  part  at  the  base  of  the  petiole  but  it  also  ex¬ 
tends  across  its  swelling,  opposite  the  buds  and  a  little  above  the  secre¬ 
tory  hypoderm  I  mentioned  earlier;  however,  the  thin  lamella  between  it  and 
the  epiderm  of  this  latter  region  here  remains  cellulosic  (Ip,  Figure  82), 

As  a  result  of  the  position  of  the  separating  stratum,  the  axillary 
buds  remain  protected,  during  winter,  by  a  leaf -bud  scale  lamella  as  in  the 
case  of  Kenispermum;  here,  however,  this  lamella,  instead  of  continuing  the 
ligno-suberous  stratum,  as  in  this  latter  case,  prolongs  the  stratum  of  sacri¬ 
ficed  parenchyma  which,  in  effect,  is  very  thick  in  Robinia  Pseudo-Acacia. 

Immediately  after  defoliation,  the  leaf  scar,  flanked  by  its  two 
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stipulary  thorns,  lias  a  more  or  less  trilobed  shape,  with  three  fascicular 
navels  between  which  the  surface  rises  in  the  form  of  a  cone  indicating  the 
presence  of  the  buds  below  the  leaf -bud  scale  lamella.  Above  this  scar  we 
can  observe  —  in  many  pulvini  —  another  one  which  is  smaller  and  which 
seems  to  represent  the  scar  left  over  from  a  bud  that  aborted  very  early. 

At  the  level  of  the  ligno-suberous  stratum,  the  cells  of  the  articu¬ 
lated  milk -bearing  organs  are  shorter  than  else*.,  here.  Very  frequently  they 
subdivide  and  they  become  ligno-suberized  like  the  neighboring  elements. 

This  latter  change  also  occurs  in  most  of  the  crystal -bearing  cells. 

The  stratum  of  scar  cork  is  completed,  as  in  the  type,  during  the  sec¬ 
ond  year.  It  grows  directly  across  the  wood  of  the  bundles  and  the  soft  bast 
but  it  can  cut  only  the  hard  bast  which  has  a  certain  thickness  at  this  level 
very  often,  likewise,  it  will  descend  very  low,  insMe  the  pulvinus,  passing 
along  the  two  faces  of  this  tissue  and  gradually  disappearing,  as  illustrated 
for  the  case  of  Robinia  hispida  (liC2»  Figure  83). 

During  the  second  year  and  sometimes  during  the  first  year,  the  leaf- 
bud  scale  lamella  splits  longitudinally  and  is  gradually  detached.  This 
latter  modification  is  speeded  up  by  the  vegetation  of  the  buds,  provided 
they  do  develop  here. 

At  the  end  of  the  shoots,  the  abortion  of  the  principal  bud  causes  it 
to  be  pushed  aside  and  this  means  that  the  leaf  scar  here  appears  to  be  ter¬ 
minal. 

Robinia  Hisoida  L. 

The  arrangement  of  the  axillary  buds  here  is  the  same  as  in  R.  Pseudo- 
Acacia.  The  scar  stratum  is  a  little  thicker  especially  in  the  ligno-suber¬ 
ous  portion. 

The  separating  stratum  crosses  only  the  constricted  portion  of  the 
petiole  so  that  we  do  not  get  any  leaf -bud  scale  lamella  here  and  as  a  result 
of  this  the  buds  are  visible  after  the  leaf  falls  between  the  branches  of 
the  V  formed  by  the  scar. 

The  changes  which  these  articulated  milk-bearing  organs  and  the  crys¬ 
tal-bearing  cells  undergo  are  the  same  as  those  in  the  preceding  Robinia. 

The  arrangement  of  the  scar  cork  across  the  bundles  is  likewise  the  same; 
this  is  also  true  of  the  sleeve  which  the  cork  forms  around  the  hard  bast 
(liC2,  Figure  83). 

Oleditschia  Triancanthos  L.  v.  inermis 

In  this  spfcies  we  still  have  a  swelling,  at  the  base  of  the  petiole, 
which  covers  the  axillary  buds  ordinarily  numbering  five  here  —  however 
without  creating  a  cavity  in  which  to  hold  them  (P,  Figure  84). 


The  separating  stratum,  consisting  of  three  or  four  layers  of  cells, 
sometimes  subdivided  a  few  times  in  advance,  forms  '1  above  the  most  con¬ 

stricted  region  of  the  petiole  (cs,  Figure  84);  iu  i  penetrates  into  the 
base  of  the  petiole  swelling  and  here  occupies  a  portion  which  causes  its 
inside  edge  to  be  located  opposite  the  space  between  the  two  upper  axillary 
buds. 


The  double  cicatrization  lamina,  which  exists  at  the  moment  the  leaf 
falls,  is  very  thick  here.  The  ligno-suberization  here  is  very  intensive  in 
the  vicinity  of  the  secondary  cork,  especially  in  the  internal  region  of  the 
petiole.  Between  the  scar  strata  and  the  separating  stratum  we  have  a  thick¬ 
ness  of  ten  to  twelve  layers  of  sacrificed  parenchyma. 

In  this  particular  species,  the  ligno-saberous  portion  is  the  first 
to  differentiate,  very  early,  toward  the  end  of  August;  in  addition,  the  cork 
forms  below  it  even  before  its  complete  differentiation. 

There  are  very  few  thalli  developing  in  the  vessels  whose  cicatrization 
is  completed  primarily  by  the  gummy  lignin.  The  latter  appears  already  before 
the  leaf  falls  and  continues  to  grow  afterward. 

The  leaf  scar  has  a  more  or  less  trilobed  shape  (ci,  Figure  85).  Above 
it  appears  only  one  of  the  many  buds  that  covered  the  petiole  (B,  Figure  85). 

I  was  able  to  observe,  in  effect,  that  the  separating  stratum  was  established 
at  thellevel  of  the  interval  between  the  two  upper  buds  so  that,  even  though 
there  may  be  no  leaf -bud  scale  lamella  as  such,  all  of  the  lower  buds  are 
covered  since  they  are  hidden  by  the  upper  portion  of  the  pulvinus.  The  lat¬ 
ter,  in  reality,  plays  the  role  of  the  leaf -bud  scale  lamella. 

The  second-year  scar  cork  (liC2,  Figure  86)  has  an  origin  different 
from  that  found  during  the  preceding  year.  It  is  in  contact  with  the  latter 
only  in  the  axillary  angle  from  which  it  descends  very  obliquely,  across  the 
pulvinus,  in  order  to  link  up  with  the  periderm  of  the  stem  at  a  level  quite 
a  bit  below  that  of  the  first-year  cork.  As  in  the  case  of  Robinia  iLspida, 
it  cuts  the  bast-ligneous  bundles,  except  for  the  hard  bast  against  which  it 
curves  downward  (Is,  Figure  86), 

The  portion  of  the  pulvinus  between  the  first-year  cork  and  the  second- 
year  cork  is  lignified  (s,  Figure  86). 
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Chapter  IX.  Species  Related  to  the  Type  Alnus  glutinosa 

As  in  the  preceding  case,  this  type  is  characterized  by  the  fact  that 
its  pulvinus  —  even  before  the  leaf  falls  —  contains  a  double  scar  lamina; 
it  differs,  however,  by  virtue  of  the  fact  that  the  ligno-suberous  portion 
of  this  double  stratum  is  of  meristematic  origin. 

In  the  species  which  have  similar  scar  strata  at  the  moment  of  defol¬ 
iation,  the  suberization,  in  the  ligno-suberous  portion  which  is  near  the 
cork,  almost  always  invades,  in  addition  to  the  usual  film,  a  more  or  less 
large  portion  of  the  rest  of  the  cell  walls. 

Here  are  the  species  related  to  this  type:  Betula  pubescens,  Ptelea 
trifoliata,  Ailanthus  glandulosa,  Maclura  aurantiaca,  Tecoma  radicans,  Rhodo- 
typos  kerriofdes,  Cladrastris  tinctoria,  Gymnociadus  canadensis. 

Eetula  Pubescens  Shrh, 


Betula  pubescens  differs  from  Alnus  glutinosa  in  that  the  subdivisions 
of  the  ligno-suberous  portion  of  the  scar  strata  here  are  less  frequent;  many 
cells  in  its  upper  portion  do  not  even  have  it. 

The  subcicatricial  lignified  stratum  :.s  not  at  all  thick.  Below  the 
separating  stratum  we  find  two  or  three  layers  of  sacrificed  parenchyma. 

Ptelea  Trifoliata  L. 


The  cork  of  the  double  cicatrization  lamina  is  usually  absent  here 
during  defoliation  in  the  internal  portion  of  the  pulvinus  near  the  leaf 
bundles  (Figure  89).  The  sacrificed  parenchyma  includes  several  layers  of 
cells. 


As  in  some  of  the  preceding  species,  the  petiole  has  at  its  base  a 
swelling  which  conceals  two  axillary  buds  and  whose  upper  edge  rests  on  a 
pouch  of  the  stem  (Figure  89). 

The  separating  stratum  is  differentiated  a  little  above  the  most  con¬ 
stricted  region  of  the  petiole;  it  consists  of  two  layers  which  have  earlier 
split  once  or  twice. 

On  the  inside  surface  of  the  petiole  swelling,  opposite  the  buds,  we 
find  a  subepidermal  stratum  (cp,  Figure  89),  made  up  of  two  or  three  layers 
characterized  by  a  dense  protoplasm  and  numerous  grains  of  starch.  This 
stratum,  which  reveals  the  same  characteristics  as  the  separating  stratum, 
is  located  in  the  extension  of  this  latter  stratum  although  it  is  not  abso¬ 
lutely  continuous  with  it;  as  a  matter  of  fact,  we  have  a  short  interruption, 
between  the  two  strata,  opposite  the  lower  bud  (a.  Figure  89).  The  subcica¬ 
tricial  lignification  (rs)  occurs  not  only  above  the  separating  stratum  but 
also  above  the  specialized  subepidermal  layer;  it  is  this  layer  which,  when 
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coming  into  contact  with  the  epiderm  at  a  certain  point  (a,  Figure  89),  in¬ 
terrupts  the  continuity  of  the  two  strata.  The  separation  of  the  cells,  which 
causes  the  leaf  to  fall,  occurs  only  in  the  separating  stratum  and  does  not 
affect  the  specialized  layer  which  is  its  prolongation;  despite  this  rough 
outline  of  the  formation  of  the  leaf-bud  scale  lamella,  the  buds  are  thus 
exposed  after  defoliation. 

(In  a  single  one  of  the  many  specimens  which  I  examined,  the  separation 
extended  also  into  the  specialized  subepidermal  layer  and  thus  lef  v  a  very 
thin  leaf-bud  scale  lamella  above  the  buds.  This  particular  case  supports  the 
opinion  expressed  above,  to  the  effect  that  the  specialized  stratum  in  reality 
represents  a  prolongation  of  the  separating  stratum.) 

The  secretory  sacs,  which  are  numerous  in  the  cortical  parenchyma  of 
the  plant,  are  less  frequent  at  the  base  of  the  petiole.  When  one  of  these 
sacs  is  included  in  the  ligno-suberous  lamina,  its  epithelial  cells  are 
reached  by  ligno-suberization.  The  scar  cork  now  grows  around  those  of  the 
apparatuses  which  it  encounters  on  its  way. 

Ailanthus  Glandulosa  Dssf. 

The  double  cicatrization  lamina,  which  exists  at  the  moment  the  leaf 
falls,  has  a  direction  that  is  almost  parallel  to  the  axis  of  the  stem  and 
is  therefore  very  oblique  with  respect  to  that  of  the  petiole.  Its  thickness 
is  considerable  :vnd  is  proportional  to  the  very  large  leaf  insertion  surface. 
The  cork  here  includes  twelve  to  fifteen  layers. 

The  separating  stratum  is  made  up  of  two  or  three  rows  of  cells  which 
very  rarely  are  split  before  that. 

The  differentiation  of  the  primary  cicatrization  lamina  occurs  very 
early,  toward  the  beginning  of  August;  ligno-suberization  occurs  here  from 
the  outside  toward  the  inside  of  the  pulvinus.  The  cork  appears  below  the 
ligno-suberous  stratum  much  later,  toward  the  beginning  of  September. 

During  the  second  year,  the  cork  grows  across  the  bundles,  describing 
a  very  pronounced  curve  toward  the  stem;  in  some  pulvini,  the  top  of  the 
curve  may  even  reach  the  region  where  the  leaf  bundles  are  joined  to  the 
caulinary  bast-ligneous  system. 

Tecoma  Radicans  or.  so.  L. 

The  ligno-suberous  portion  of  'he  scar  stratum  is  thick;  its  cork, 
on  the  other  hand,  consists  of  only  two  or  three  layers. 

The  separating  stratum  is  in  contact  with  the  double  cicatrization 
lamina  in  the  inside  portion  of  the  pulvinus;  it  moves  away  slightly  in  its 
outside  portion.  Fade  up  of  one  or  two  layers  subdivided  transversally 
three,  four,  and  even  five  times,  it  is  therefore  very  thick;  however,  the 
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separation  occurs  here  always  only  between  its  two  upper  layers.  The  sub- 
cicatricial  lignified  layer,  which  tops  it,  is  not  thick. 

During  the  second  year,  a  new  layer  of  cork  forms  across  the  pulvinus, 
at  a  certain  distance  below  the  secondary  cork  of  the  first  year  and  parallel 
to  it;  this  new  cork  layer  cuts  across  the  bundles.  The  parenchyma  between 
the  two  corks  remains  cellulosic. 

Rhodotvuos  ECorriol'des  Sieb.  and  Zucc. 

The  double  cicatrization  lamina  which  contains  this  species  is  not 
thick  at  the  moment  the  leaf  falls.  Its  ligno-suberous  portion  is  heavily 
subdivided.  Its  cork,  which  consists  of  five  to  seven  cell  layers  —  in  con¬ 
trast  to  what  we  saw  in  the  preceding  species  —  is  thicker  in  the  internal 
region  of  the  pulvinus  and  very  often  it  reaches  the  outside  edge  of  the  lat¬ 
ter  only  after  the  leaf  has  fallen. 

The  separating  stratum  does  not  reveal  any  subdivision  and  there  is  no 
lignified  stratum  differentiated  above  it. 

Cladrastris  Tinctoria  Raf, 

In  Cladrastris  tinctoria,  the  four  or  five  buds,  which  are  superposed 
and  which  are  strongly  pressed  against  each  other,  are  completely  hidden  in 
a  vast  conical  cavity  of  a  basilar  swelling  of  the  petiole.  The  separating 
stratum  develops  at  the  base  of  this  cavity  so  that  the  buds  are  exposed  dur¬ 
ing  winter. 

The  double  cicatrization  lamina  is  not  thick  and  is  very  oblique  toward 
the  direction  of  the  petiole.  Its  cork  seems  to  be  an  almost  direct  contin¬ 
uation  of  the  periderm  of  the  stem  as  in  the  case  of  Aesculus  Hippocastanum; 
its  ligno-suberous  portion  consists  of  only  three  or  four  layers. 

In  almost  all  of  the  preceding  cases,  the  gummy  lignin,  which  completes 
the  obstruction  of  the  vessels  begun  by  the  thalli  or  which  might  even  replace 
this  obstruction,  appears  only  rarely  before  defoliation.  In  Cladrastris 
tinctoria,  this  obstruction  by  gummy  lignin  is  always  an  accomplished  fact  at 
the  moment  the  leaf  falls;  this  substance  is  found  here  over  a  considerable 
length  of  the  bundles,  after  a  variable  hoight  above  the  separating  stratum 
all  the  way  into  the  caulinary  bast-1.' gneous  system.  Once  in  a  while  it  is 
accompanied  by  a  few  thalli;  however,  among  those  which  do  exist  here,  at  the 
level  of  re-entry  of  the  leaf  bundles  into  the  stem,  there  are  some  which  have 
aoquired  hard  walls  even  before  the  leaf  falls. 

The  leaf  scar  forms  a  ring  more  or  less  open  on  the  inside  around  the 
buds  which  are  covered  by  a  thick  felt  of  hairs  and  which  are  so  strongly 
pressed  against  each  other  that  they  appear,  when  looked  at  from  the  outside, 
as  a  single  whole 

Tha  terminal  leaf  scar  of  a  shoot  occupies  its  top  and  the  aborted 
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terminal  bud  is  already  pushed  aside. 

During  the  second  year  a  new  scar  cork  stratum  forms;  as  in  the  case 
of  Tecoma  radicans,  it  develops  a  short  distance  below  the  first.  It  is 
this  new  stratum  which  grows  across  the  bundles. 

Gyrnocladn %  Canadensis  Lamk. 

The  double  cicatrization  of  lamina,  which  exists  at  the  moment  of  de- 
foliation,  is  very  thick,  especially  around  the  external  circumference  of  the 
pulvinus  and  particularly  opposite  the  bundles.  Its  cork  consists  of  an 
average  of  five  to  eight  layers  while  its  ligno-suberous  portion  includes  as 
many  as  twenty.  In  addition,  it  is  topped  by  a  thick  sacrificed  parenchyma 
averaging  four  to  eight  rows  of  cells. 

The  separating  stratum  is  coiqposed  of  two  layers  in  which  some  of  the 
cells  are  subdivided  only  once. 

The  scar  strata  and  the  separating  stratum  rise  in  the  shape  of  a  dome 
and  grow  across  the  bundles  so  that  the  leaf  scar  .  .j^ears  mamillated  after 
the  leaf  falls. 

During  the  time  of  defoliation  the  thalli  are  most  numerous  especially 
in  the  spiral  vessels;  on  the  other  hand,  the  gummy  lignin  often  appears  in 
the  secondary  vessels  on  the  level  of  the  cicatrization  strata. 

The  ligno-suberization  of  the  parenchymatous  tissues  of  the  pulvinus 
begins  very  early,  in  July,  and  involves  the  external  circumferenco  of  the 
pulvinus.  Ordinarily,  the  secondary  layer  appears  below  the  ligno-suberous 
lamina  as  the  latter  progresses  across  the  base  of  the  leaf;  sometimes,  how¬ 
ever,  it  forms  only  after  its  complete  development. 

Toward  the  end  of  August,  the  double  scar  lamina  is  already  in  exist¬ 
ence  so  that  we  can  indeed  find  it  at  the  moment  of  defoliation.  The  separ¬ 
ating  stratum  and  the  subcicatricial  lignified  stratum  which,  in  this  species, 
is  not  at  all  thick,  are  differentiated  sometime  before  that  period,  around 
the  beginning  of  October. 

During  the  second  year  a  new  scar  cork  stratum  is  formed;  this  new 
stratum  doubles  the  preceding  one  in  the  internal  region  of  the  pulvinus  but 
it  moves  away  from  it  in  its  external  region  and  descends  very  obliquely, 
connecting  with  the  oeriderm  of  the  stem  which  is  lower  than  the  cork  from 
the  preceding  year  /at  a  point  lower  than  the  cork  of  the  preceding  year/ 
(lie?,  .'igure  90).  It  is  this  second-year  stratum  which  grows  ccrost  the 
bundles,  however,  without  cutting  their  hard  bast  against  whose  circumference 
it  will  make  contact. 

rthon  the  axillary  bud  aborts  and  is  dcstroyod,  a  cork  is  formed  below 
its  scar  and  this  cork  connects  with  the  second-year  stratum  of  the  lsaf  pul- 
vinua,  a  little  beL>w  the  axillary  angle  (Figure  90). 
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Madura  Aurantiaca  Nutt 


In  this  species,  the  cicatrization  lamina,  which  exists  at  the  moment 
the  leaf  falls,  is  not  double  in  its  entire  extent.  As  a  matter  of  fact, 
we  can  observe  the  cork  here  only  in  the  external  cortical  parenchyma  (lie, 
Figure  87)  and  the  ligno-suberous  lamina  alone  cicatrizes  the  internal  cor¬ 
tical  parenchyma. 

The  portion  of  the  scar  strata  which,  in  the  external  cortical  paren¬ 
chyma  surmounts  the  secondary  cork,  reveals  a  special  arrangement  of  which  I 
was  unable  to  find  another  example  among  the  many  species  studied.  In  con¬ 
tact  with  the  scar  cork  it  contains  a  region  which  is  made  up  almost  entirely 
of  a  sclerenchyma  with  very  thick  and  spotted  walls  (s,  Figure  88).  (This 
very  thick-walled  sclerenchyma  makes  up  a  portion  of  the  cicatrization  lamina 
and  recalls  the  one  which,  according  to  Erettfeld  (“On  Cicatrization  and  Leaf 
Fall,  “  Prinr'sheimls  Jahrbdcher,  Volume  XII,  page  133)  constitutes  all  of  the 
scar  strata  of  most  of  the  monocotyledons. )  The  rest  of  the  primary  cicatri¬ 
zation  lamina  —  in  those  of  its  parts  which  border  on  the  separating  stratum 
and  on  the  epiderm  of  the  pulvinus  —  is  normally  ligno-suberized  (ss,  Figure 
88).  I  might  add  that  we  often  have  a  few  isolated  cells  in  the  interior  of 
the  sclerenchyma;  these  isolated  cells  keep  their  thin  walls  (a.  Figure  88). 
Although  completely  plunged  into  the  sclerenchyma  and  isolated  from  the  focus 
of  ligno-suberous  differentiation,  these  cells  still  undergo  this  differen¬ 
tiation;  they  also  have  a  suberous  film  inside. 

The  cicatrization  lamina  begins  to  form  toward  the  beginning  of  Septem¬ 
ber.  The  thickening  and  the  lignification  of  the  walls,  in  its  sclerenchy- 
matous  portion,  occur  at  the-  same  time  as  the  ligno-suberous  differentiation. 
The  thin  lamina  of  subjacent  cork  develops  after  the  complete  differentiation 
of  this  sclerenchyma. 

The  scar  cork  stratum  is  completed  during  the  second  year  as  it  crosses 
the  bundles  end  the  internal  portion  of  the  pulvinus. 

The  numerous  branching  milk-bearing  organs  of  the  plant  are  cicatrized, 
in  the  same  fashion  as  those  of  Korus  nigra,  by  finger-shaped  partitions  (cl. 
Figure  88).  They  do  not  alter  the  nature  of  their  walls  as  they  cross  the 
sclerenchyma;  in  addition,  they  are  broken  by  the  cork  whose  continuity  is 
established  at  the  point  of  rupture  between  their  ends. 
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Chapter  X.  Species  Related  to  Spiraea  ooulifoiia 

We  recall  that  the  periderm  is  located  very  deeply  in  Spiraea  opuii- 
folia -  It  develops,  in  contact  with  the  basu,  not  only  in  the  stem  hut  also 
in  the  palvrTcs  where  it  folds  back  even  around  the  bundles,  feminr  a  veri¬ 
table  sieevo  /ruff/.  The  scar  cork  is  e sea ;li chid  inside  ells  -  -Id.  -„1 
sleeve,  close  to  its  base;  as  a  result  iu  crosses  only  the  bu:  .  ;  en.j  cor¬ 

tical  parenchyma  of  the  pulvinus  is  sacrifio_d  in  its  entirely,  --  is  i— u 
of  the  stem. 


All  of  the  species  which  we  surra ri sec  in  this  chapter  also  have  a 
deep  periderm  and  certain  special  features  of  cicatrization  related  to  that 
location. 

Potentjila  Fruticosa  L. 


In  the  region  where  the  ~«o  stipules  are  attached,  well  above  its  in¬ 
sertion,  the  petiole  has  ;  joint  narked  by  a  circular  constriction  (?,  Fig¬ 
ure  91 ) .  At  the  l.evel  of  this  constriction,  the  cells  of  the  cortical  par¬ 
enchyma  are  very  snail  and  the  transition  from  this  region  to  the  petiole 
and  to  the  pulvinus  —  which  have  larger  cells  —  occurs  gradually  although 
rapidly. 

Below  this  joint,  the  pulvinus  grows  first  of  all  into  a  dub  /sic; 
"massue “  —  nas sj;  then  it  stretches  out  ar-c  is  flattened  around  the  axillary 
bud  and  the  stem  so  chat  its  base  envelops  all  of  these  two  organs  almost 
completely. 

The  leaf  bast-ligneous  system  which,  in  the  petiole,  forms  a  big  strip 
in  the  raddle,  accompanied  by  two  small  lateral  bundles,  is  reduced  to  a  sin¬ 
gle  mass  in  the  vicinity  of  the  joint  and,  besides,  reveals  a  very  pronounced 
constriction  opposite  these  bundles.  Further  down  it  resumes  its  normal  vol¬ 
ume  and  once  agains  separates  into  three  bandies  whose  course  is  marked  on 
the  outside  by  three  crests  which  give  the  pulvinus  a  pyramidal  appearance. 

The  periderm  of  the  stem  is  situated  deep  down  —  even  deeper  down  than 
in  Spiraea  opuiifclia;  this  is  the  case  because  it  is  located  Between  the  hard 
bast  and  the  soft  bast.  It  is  seriated;  that  is  to  say,  it  has  cellulose  lay¬ 
ers  widen  are  here  and  there  separated  by  a  suberized  layer.  (According  to 
H.  Douliou  ("Research  on  the  Periderm, B  Ann,  des  Sc.  nat.  mot. ,  Ttn  Series, 
Volume  X,  1889,  page  135),  the  periderm  of  the  Cinquefoils  is  never  seriated; 
this  author  probably  did  not  study  my  species.)  As  in  the  case  of  Spiraea, 
it  forms  a  sleeve  which  surrounds  the  bundles  in  the  lover  half  of  the  pul¬ 
vinus  (nrp,  Figure  91). 

The  separating  stratum  is  formed  at  the  end  of  the  long  pulvinus,  or. 
the  level  of  the  joint  of  the  leaf,  a  short  time  before  defoliation.  It 
consists  of  t::o  or  three  rows  of  small  cells  of  this  region  and  t.'.ere  is  no 
tissue  reaction  above  or  below  it,  before  the  leaf  falls. 
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j-szer  cetoxuaticr:,  z  smigus  ji  ~_i  icvtion  ceve^cps  m  the  cortical 
parencnyma  01  the  piiTir^s.  This  iignificatio;.  is  not  located  immediately 
belcv  the  wound;  it  develops  along  the  entire  length  of  the  poivinus  but  es¬ 
pecially  in  the  vicinity  of  the  bundle. s. 


?he  iigno-suberi aation  involves  only  the  livlr."  elements  of  the  bundles. 
Xcrecver,  this  mecifi cation,  as  veil  as  the  deposit  of  gummy  lignin  in  the 
vessels,  occurs,  as  an  spiraea,  cnxy  mnsuae  tr.e  pemdemau.  sleeve  ( g  a 

Figure  SI ,  indicating  the  limit  of  the  deposit  of  this  substance). 

During  tae  second  year,  the  changes  vhich  occur  in  the  leaf  pulvinus 
are  the  sane  as  in  Spiraea  opuiifolia.  The  scar  cork  vhich  likewise  grows 
only  aCi oss  the  bundles  at  the  basr  of  their  peridemal  sleeve,  is  not  seriated 
this  is  an  occlusion  cork  ail  of  whose  cells  are  suberous. 


^arayana  axz 


a  rotr 


The  constitution  of  the  base  of  the  petiole  is  the  sane  as  in  Poten- 
tilla  fruticosa.  The  peridemal  sleeve  of  the  bundles  here  occupies  an  iden¬ 
tical  position  (mp,  Figure  9-0. 

In  o.  altagana,  however,  a  thin  lignified  stratum  (rs.  Figure  9^)  is 
differentiated,  before  the  leaf  falls,  above  the  separating  stratum.  In  ad¬ 
dition,  the  iignifi cation  vhich  ve  were  able  to  observe  developing,  in  the 
ccrtieal  parenchyma  of  Poter.tilla  fruticosa,  only  after  the  leaf  falls,  in 
this  case  turns  up  before  the  leaf  falls  (s.  Figure  9^)-  The  upper  limit  of 
the  tissues  thus  lignified  is  very  neat;  above  it  ve  have  a  more  or  less  thin 
stratum  of  sacrificed  parer.chyr  i  - 

The  changes  vhich  follow  tee  fall  of  the  leaf  recall  those  observed  in 
Spiraea  opulifolia. 

Caloriaca  Vol-ari ca  Fisch. 

This  species,  like  the  preceding  ones,  has  a  joint  (Figure  92)  at  the 
end  of  a  rather  long  pulvinus.  The  periderm,  however,  is  r.ot  located  as 
deeply.  In  the  stem  it  surrounds  the  central  cylinder,  passing  a  short  dis¬ 
tance  from  the  isolated  masses  of  the  lard  bast;  in  the  base  of  the  pulvinus 
it  approaches  this  hard  bast;  it  then  even  comes  into  contact  with  it,  form¬ 
ing  peridemal  sleeves  around  the  bundles  (mp.  Figure  92).  The  latter  climb 
up  very  high,  almost  into  the  immediate  vicinity  of  the  joint  of  the  petiole, 
and  often  they  are  even  enlarged  on  the  inside,  below  the  sacrificed  paren¬ 
chyma,  moving  a  little  away  from  the  bundles. 

In  the  region  adjoining  the  articulation,  where  the  three  re-entering 
bundles  are  united,  they  are  surrounded  only  by  a  single  peridemal  sleeve 
wane  .  results  from  the  fusion  of  the  three  preceding  ones  (mp.  Figure  93). 

V.’e  also  find  two  small  stipular  bundles  at  this  same  level  (fst.  Figure  93); 
they  combine  with  the  lateral  re-entering  bundles  cf  the  leaf  a  little  above 
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the  base  of  the  pulvinus;  these  two  bundles  do  not  have  any  peridermal 

sleeve. 


The  anatomical  changes  which  precede  and  follow  the  fall  of  the  leaves 
are  the  sane  as  in  Caragana  altagar.a. 

Symohoricaroos  Racemosus  Kichx 


As  in  the  case  of  Spiraea  opulifolia,  the  petiole  does  not  reveal  any 
articulation  but  the  peridermal  sleeve  of  the  bundles  is  shorter  here. 

In  i.he  leaf,  the  cortical  parenchyma  of  the  pulvinus  reveals  very 
thickened  and  spotted  wal_s  which  however  remain  entirely  cellulosic.  (  I 
night  point  out  here  that  the  cortical  parenchyma  of  the  stem  below  the  pul¬ 
vinus  looks  the  same  although  it  is,  in  addition,  heavily  lignified.)  Above 
the  pulvinus  it  yields  rather  abruptly  to  a  tissue  whose  walls  are  thin; 
the  separating  stratum  develops  a  short  time  before  the  leaf  f* 11s  at  the 
level  of  transition,  in  the  first  layers  with  the  thin  walls,  without  any 
advance  subdivision. 

Before  the  formation  of  this  stratum  and  at  a  very  early  stage,  a 
ligno-suberous  stratum  is  differentiated,  below  it,  at  the  expense  of  the 
tissue  cells  with  the  very  thin  walls.  In  the  bundles,  the  ligno-suberiza- 
tion  occurs  only  after  the  leaf  has  fallen;  then  the  wound  surface  develops 
up  to  the  base  of  the  peridermal  sleeves. 

Philadelphus  Coror.arius  L. 

At  its  base  and  on  its  inside  face,  the  petiole  has  a  not  very  notice¬ 
able  swelling  in  which  we  find  the  axillary  bud  (B,  Figure  95) •  In  addition, 
it  reveals,  a  little  below  its  insertion,  an  articulation  or  joint  indicated 
by  a  circular  groove  which  is  not  readily  visible  and  which  passes  over  the 
swelling,  above  the  bud.  A  longitudinal  section  shows  —  at  the  level  of 
this  groove  —  a  stratum  of  two  or  three  layers  of  small,  flat  cells  with 
thin  walls  which  are  definitely  different  from  the  cells  of  the  pulvinus  and 
of  the  petiole  and  which  recall  those  which  we  illustrated  in  Azalea  sinensis 
(art.  Figure  99)*  This  stratum,  specialized  at  a  very  early  stage,  is  lo¬ 
cated  at  the  base  of  the  adult  leaf  and  grows  across  the  entire  petiole, 
forming  a  line  broken  at  an  angle  and  turning  upward.  It  is  this  stratum 
which,  without  any  subsequent  alteration,  will  constitute  the  separating 
stratum.  There  is  r.o  subcicatricial  lignified  stratum  being  differentiated 
above  it  in  autumn. 

As  in  the  case  of  Symphoricarpos  racemosus,  the  peridermal  sleeve  of 
the  bundles  remains  short  (mp.  Figure  95);  similarly,  the  ligno-suberous 
stratum  is  differentiated  very  early,  around  August.  This  stratum,  which 
is  contiguous  to  the  separating  stratum,  consequently  extends  against  the 
inside  edge  of  the  petiole  swelling  up  to  a  point  above  the  bud  (Ir,  Figure 
95) •  After  the  fall  of  the  leaf,  this  results  in  a  leaf -bud  scale  lamella 
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which  covers  the  latter  in  the  manner  ox  a  candle  snuffer  /upside  down  fun¬ 
nel/  and  gives  the  surface  of  the  scar  a  conical  appearance  (be,  Figure  96). 
Later  on,  under  the  influence  of  the  diametral  growth  of  the  stem  or  the 
elongation  of  the  bud  into  the  shoot,  this  lamella  regularly  breaks  up  into 
three  parts. 

The  crossing  of  the  bundles  by  the  second-year  cork  occurs  in  the  s.-.m 
fashion  as  in  Spiraea  opulifolia. 

Chletra  Alnifolia  L. 

This  species  is  even  closer  to  the  Spiraea  type  because  of  the  deep 
position  of  its  periderm  in  the  stem  and  in  the  leaf  puivinus;  however,  the 
separating  stratum  is  here  developed  excessively  close  to  the  insertion  of 
the  leaf  and  almost  parallel  to  the  surface  of  the  stem  (ct,  Figure  97),  so 
that  the  puivinus  here  is  remarkably  short,  is  a  result  of  hhis  arrangement, 
the  peridermal  sleeve  of  the  bundles  here  is  barely  indicated. 

The  subcicatricial  lignified  stratum  cannot  be  found  in  this  species; 
as  for  the  ligno-suberous  stratum,  xt  exists  only  in  the  internal  region  of 
the  puivinus  (ss,  Figure  97)  and,  through  its  lower  face,  even  makes  contact 
with  the  periderm. 

Among  the  very  few  crystal-bearing  cells,  which  we  can  find  in  the 
cortical  parenchyma  of  the  puivinus,  those  that  are  included  in  the  ligno- 
suberous  portion  only  undergo  lignification;  on  the  other  hand,  their  cavity 
is  often  filled  with  gummy  lignin  around  the  crystal,  as  I  described  it  for 
Amorpha  fruticosa. 

After  the  leaf  falls,  the  puivinus  does  not  undergo  any  further  changes 
during  the  first  year  except  for  the  ligno-suberization  of  the  living  elements 
of  the  bundles  and  the  deposit  of  gummy  lignin  in  the  vessels.  During  the 
second  year,  the  scar  cork  forms  across  the  bundles  and  closes  the  sleeve,  as 
in  Spiraea  opulifolia. 

Azalea  Sinensis  Lood. 

Very  close  to  its  insertion  the  petiole  reveals  a  joint  marked  by  a 
circular  groove  that  is  not  very  easy  to  see.  At  that  level  the  cells  are 
clearly  differentiated  from  those  of  the  petiole  and  the  puivinus  by  their 
small  size,  the  relative  thinness  of  their  walls,  and  their  flat  form  (art, 
Figure  99);  this  differentiation  occurs  even  before  the  petiole  has  developed 
completely.  The  separating  stratum  will  form  in  autumn  (cs,  Figure  98)  at 
the  expense  of  two  or  three  layers  of  this  specialized  tissue. 

As  in  the  case  of  Diospyros  virginiana,  the  dissolution  of  the  walls 
of  the  separating  stratum,  which  leads  to  the  dehiscence  of  the  loaf,  involves 
only  their  primary  membrane. 

As  in  the  case  of  Chletra  alnifolia,  the  separating  stratum  is  very 
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close  to  the  surface  of  the  stem  which  it  almost  continues.  Here,  likewise, 
the  periderm  is  deep  and  is  in  contact  with  the  bast;  it  is  interrupted 
around  the  bundles,  at  the  base  of  the  pulvinus,  without  forming  any  sleeve. 
As  in  the  case  of  Chletra  alnifolia,  we  have  a  thin  ligno-suberous  lamina 
here  before  the  leaf  falls;  this  lamina,  however,  extends  over  the  entire 
width  Oi  the  pulvinus  (ss,  Figure  98);  likewise  situated  against  the  separa¬ 
ting  stratum,  it  is  in  contact  with  the  periderm  only  in  its  internal  ra~.' , 
and  only  opposite  the  bundles.  Finally,  the  scar  cork  crosses  s_r.  k 
only  during  the  second  year. 

Hikes  Nigrum  L.  and  Deutzia  Scabra  Thumb. 

These  two  species  recall  Azalea  sinensis,  except  for  the  absense  of 
the  joint  at  the  base  of  the  leaf.  However,  the  ligno-suberous  lamina  exists 
here  only  in  the  external  cortical  parenchyma;  the  periderm  is  in  contact 
with  the  separating  stratum  in  the  internal  cortical  parenchyma. 
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Chapter  XI.  Species  Related  to  the  Type  Fr.rr s  virginiana 

We  recall  that  the  distinctive  characteristics  of  this  type  consist 
in  the  fact  that  the  first-year  scar  strata  are  removed  during  the  second 
year  due  to  the  "revival  of  cicatrization"  caused  by  the  formation  of  a  new 
separating  stratum.  This  ties  in  with  the  case  of  the  "marce scent  leaves" 
whose  fall  is  caused  by  similar  revival. 

I  therefore  combined  here  the  several  species  that  have  both  of  these 
characteristics  or  only  one  of  them. 

Parrotia  Persica  A.M. 

The  fall  of  the  leaves  and  the  cicatrization  of  the  wound  occurs  here 
in  the  same  fashion  as  in  H.  virginiana. 

During  the  second  year,  the  revival  of  cicatrization,  which,  by  the 
way,  occurs  in  the  same  fashion,  appears  sooner  than  in  this  latter  species, 
starting  in  February  and  during  i-larch.  We  also  noted  that,  in  this  species, 
it  occurs  more  rapidly  in  the  pulvini  above  which  a  flower  bud  developed, 
although  the  development  ox  this  bud  did  not  break  the  pulvinus.  Perhaps 
this  is  due  to  the  fact  that  the  circulation  and  supply  of  nutritive  sub¬ 
stances  is  more  considerable  in  the  vicinity  of  the  buds  thus  developed; 
this  would  mean  that  the  separating  stratum  involved  in  this  environment 
would  differentiate  faster. 

The  few  marcescent  leaves,  which  we  encounter  sometime  in  Parrotia 
persica  reveal  the  same  process  of  cicatrization  and  fall  as  those  in  Ham- 
amelis  virginiana, 

Sorbus  Aucuoaria  L..  S.  Aria  Crantz.  and  S.  Hybrids  L. 

The  phenomena  which  precede  and  follow  the  fall  of  the  leaves  during 
the  first  year  recall  those  of  Hamamelis  virginiana.  However,  the  separating 
stratum  reveals  a  broken  surface  at  the  level  of  the  bundles  similar  to  that 
of  Spiraea  opulifolia  (cs,  Figure  51 )•  In  addition,  it  develops  at  a  dis¬ 
tance  from  the  axillary  angle  which  varies  with  the  position  the  leaf  occu¬ 
pies  on  the  shoot.  For  those  at  the  top,  this  distance  may  amount  to  as 
much  as  4  mm  whereas  for  those  at  the  base  it  may  be  reduced  to  less  than 
1  mm.  The  length  of  the  pulvini  therefore  varies  considerably  depending  on 
the  leaves  (Figures  1 00  and  1 01 ) . 

The  ligno-suberous  stratum,  which  forms'  only  after  the  fall  in  the 
vicinity  of  the  wound,  reveals  a  lignification  and  a  suberization  which  are 
not  at  all  intensive;  besides,  it  is  not  at  all  thick.  In  some  cases,  we 
note  the  beginning  of  the  formation  of  the  scar  cork,  before  the  winter, 
below  and  against  the  ligno-suberous  stratum. 

The  changes  which  occur  in  the  leaf  pulvini,  during  the  second  year. 
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recall  those  which  we  pointed  in  Hamamelis  virginiana.  The  separating  stra¬ 
tum  involved  in  this  revival  always  develops  right  at  the  base  of  the  pulvi- 
nus  and  consequently  very  often  far  from  the  first  scar  lamina  (csg,  Figures 
1 00  and  1 01 ) .  It  forms  in  the  same  fashion  as  that  connected  with  the  au¬ 
tumn  fall  of  the  leaves  in  this  same  species,  that  is  to  say,  due  to  trans¬ 
versal  subdivision  of  one  cell  layer;  however,  its  surface  is  perfectly 
level.  We  can  then  watch  the  development,  above  it,  in  the  soft  tissue  of 
the  pulvinus,  of  a  lignified  stratum  similar  to  the  subcicatricial  lignificd 
stratum  which  I  pointed  out  above  the  autumn  separating  strata  in  most  of  the 
leaves  (rsc,  Figure  100).  This  stratum  is  differentiated  even  in  the  some¬ 
what  short  pulvini  whose  live  tissue,  above  the  revival  separation  stratum, 
consists  of  no  more  than  four  or  five  cell  layers  (rsc,  Figure  101). 

Dehiscence,  inside  the  separating  stratum,  ordinarily  occurs  first  in 
the  middle  region  of  the  pulvinus;  more  rarely  it  occurs  in  its  lateral  parts. 
In  all  cases,  this  dehiscence  and  the  revival  of  cicatrization  resulting  from 
it  occur  progressively  and  slowly  during  the  second  year.  These  phenomena 
result  in  the  replacement  of  the  first  scar  with  another  one  which  is  much 
oloser  to  the  stem. 

The  cicatrization  of  the  new  wound  occurs  in  the  same  fashion  as  that 
of  Hamamelis  virginiana. 

In  the  Sorbus  studies,  there  is  no  marcescence  of  the  leaves. 

Quercus  Hisoanica  L.  and  Q.  Pedunculata  Ehrh. 

In  these  two  species  there  are  many  more  marcescent  leaves  than  deci¬ 
duous  leaves.  The  transformations  which  occur  in  the  pulvini  of  these  two 
types  of  leaves  during  the  first  year  are  the  same  as  those  in  Hamamelis 
virginiana;  however,  most  often,  the  marcescent  leaves  do  not  reveal  any 
trace  of  the  autumn  separating  stratum  at  their  base. 

On  the  other  hand,  the  revival  of  the  cicatrization,  during  the  second 
year,  occurs  only  in  the  pulvini  of  the  marcescent  leaves,  whereas  in  the 
others  it  is  found  roughly  outlined  here  only  exceptionally. 

The  base  of  the  petiole,  especially  in  Quercus  pedunculata,  contains 
isolated  sclerites  or  groups  of  sclerites.  These  do  not  undergo  any  modi¬ 
fication  when  they  are  contained  inside  the  ligno-suberous  stratum. 

(It  was  certainly  these  sclerites  which  Ledeganck,  K«,  ( "Histochemical 
Research  on  the  Autumn  Fall  of  Leaves, 11  3.  de  la  Soc.  roy.  bot.  de  Belgique, 
Volume  X,  1872)  mentioned  in  Q.  Robur  as  example  of  diffuse  suberification. 
Here  is  what  he  has  to  say  about  this  (page  158) •  "In  the  green  parenchyma 
we  can  see  disseminated  several  transparent  points  which  indicate  tne  exist¬ 
ence  of  one  or  more  cells  with  thick  walls  whose  cavity  has  been  almost  en¬ 
tirely  obliterated";  further  on  he  has  the  following  to  say  about  these  same 
cells  (page  159);  "The  use  of  the  sulfuric  iodine-containing  reagent  gives 
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the  same  hue  to  the  thickened  cells  disseminated  in  the  parenchyma  and  to 
the  stratum  of  the  periderm;  without  in  any  way  prejudging  their  physiologi¬ 
cal  functions  or  the  origin  of  these  cells,  we  can  thus  consider  the  thick¬ 
ening  of  their  walls  as  the  result  of  a  deposit  of  suberous  substance  inside 
their  cavity;  this  formation  replaces  the  stratified  periderm,  such  as  we 
have  observed  it  so  far."  The  use  of  the  differential  reagents  of  lignin  and 
suberin,  such  as  Phloroglucin  and  tincture  of  alcan,  etc.,  showed  me  that 
the  thick  walls  of  these  elements  are  not  at  all  suberous  but  simply  ii uni¬ 
fied.) 

Cornu s  Mas  L. 

During  the  first  year,  the  fall  of  the  leaf  and  the  cicatrization  of 
the  wound  reveal  all  of  the  characteristics  of  the  type  Paulownia  imperialis. 

The  leaf  pulvinus  is  more  or  less  elongated,  like  that  of  the  Sorbus 
and  the  modifications  which  occur  in  their  base,  during  the  second  year, 
here  also  reveal  the  same  features;  but  the  revival  of  cicatrization  here 
occurs  sooner,  at  blossoming  time,  which,  as  we  know,  is  veiy  early.  In  ad¬ 
dition,  it  often  happens,  in  the  puivini  at  the  base  of  the  shoots,  that  the 
subcicatricial  lignified  layer  is  absent  because  the  revival  separating  stra¬ 
tum  is  developing  in  contact  with  the  first  scar  lamina  whose  base  is  at  the 
level  of  the  axillary  angle. 

Comus  Sanguinea  L. 

In  this  species,  the  first-year  ligno-suberous  stratum  resembles  that 
of  the  type  Diospyros  virginiana  and  occurs  like  it,  before  the  leaf  falls. 

The  revival  of  cicatrization  and  the  changes  which  follow  are  the  same 
as  in  C.  mas;  however,  below  the  scar  cork  closing  the  new  wound,  we  often 
get  a  parenchymatous  phelloderm  with  a  thickness  averaging  five  to  six  layers. 

Cotoneaster  Kelanocaroa  lood. 

Cotoneaster  Kelanocarpa  reveals  the  same  variations  of  the  Hamamelis 
type  as  the  Sorbus  but  the  revival  of  cicatrization  here  is  less  regular  and 
the  separating  stratum,  which  causes  it,  instead  of  developing  right  at  the 
base  of  the  pulvinus,  forms  between  it  and  the  first  cicatrization  lamina. 
Koreo/er,  it  does  not  always  grow  across  the  bundles,  especially  in  the  mid¬ 
dle  bundle,  so  that  the  latter  are  broken  very  slowly  and  so  that  the  revi¬ 
val  occurs  more  or  less  belatedly,  sometimes  only  during  the  third  year.  As 
a  result  of  this,  the  new  scar  stratum  is  completed  almost  always  before  the 
first  leaves  fall  (1103  and  ss£t  Figure  102). 

The  final  scar  stratum  includes  a  ligr.o-suberous  lamina  which  is 
quite  thick  and  which  extends  just  to  the  base  of  the  pulvinus;  it  also  in¬ 
cludes  a  secondary  cork  which  doubles  /reinforces7  it. 


Sometiir.es  the  first  revival  separating  stratum  develops  only  incom¬ 
pletely;  we  then  get  a  second  stratum  which  is  complete  and  lurcher  down. 
Above  each  of  them,  a  thin  lignified  stratum  is  differentiated.  The  final 
double  cicatrization  lamina  then  develops  below  the  lowest  separating  stra¬ 
tum,  that  is  to  say,  below  the  one  that  will  produce  the  revival. 

Caroinus  Betulus  L. 

This  species  has  deciduous  leaves  and  marcescent  leaves.  The  changer, 
which  occur  here  at  the  base  of  the  former  recall  those  of  Kamamelis  virgin- 
iana;  the  subcicatricial  lignified  stratum  here,  however,  is  thicker  and  con¬ 
sists  of  about  six  to  eight  cell  layers. 

The  revival  of  cicatrization  involves  a  process  that  differs  very 
little  from  the  one  we  described  so  far. 

At  the  beginning  of  the  second  year,  a  scar  cork  develops  below  and 
against  the  first-year  ligno-suberous  stratum;  but  the  first  cells  formed 
by  its  generating  zone,  instead  of  remaining  flat  and  suberizing  like  the 
following  layers,  are  very  much  elongated  un  tne  longitudinal  direction; 
their  walls  remain  cellulosic  and,  in  addition,  become  very  thin  and  very 
fragile  (a.  Figure  103).  It  is  these  delicate  layers  which  act  as  the  re¬ 
vival  separating  stratum  and  dehiscence  occurs  here,  from  the  outside  of  the 
pulvir.us  toward  the  inside,  due  to  the  rupture  of  their  walls,  following  the 
procedure  employed  by  the  autumn  separating  stratum  of  the  leaf  of  Aristo- 
lochia  Sipho*.  The  detachment  of  the  first  sesr  strata  occurs  very  slowly 
during  the  entire  second  year  and  often  ends  only  during  the  third  year. 

The  growth  of  the  scar  cork  (lie,  Figure  103),  above  the  new  dehiscence  sur¬ 
face,  is  independent  of  the  greater  or  lesser  speed  of  revival. 

Except  for  the  absence  of  the  autumn  separating  stratum,  the  changes 
which  appear  in  the  pulvini  of  the  marcescent  leaves  are  the  same  as  those 
which  we"  described  in  thoso  of  the  deciduous  leaves.  However,  the  first- 
year  ligno-suberous  stratum,  here  appears  later  and  develops  gradually  as  the 
leaves  die.  Furthermore,  the  .evival  of  cicatrization,  which  at  the  same 
time  causes  the  marcescent  leaf  to  fall,  here  occurs  more  rapidly;  the  action 
of  the  separating  stratum  here  is  aided  by  the  weight  of  the  leai  ard  the 
action  of  the  wind. 


Fairs  Sylvatica  L. 

In  pagus  sylvatica^  the  changes,  which  occur  at  the  base  of  the  deci¬ 
duous  leaves  and  in  the  riarcesccnt  leaves,  recall  those  of  warpinus  Betulus, 
with  this  difference:  at  the  base  of  the  deciduous  leaves,  the  ligno-suber¬ 
ous  lamina  is  differentiated  before  tie  leaf  falls. 

Stanhvllea  Trifollata  L. 

This  species  does  not  have  any  marcescent  loaves.  As  in  uarpinus 
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Betulus,  the  first  layers  of  second-year  scar  cork  remain  cellulosic  but 
their  cells  do  not  extend  as  muen  in  the  longitudinal  direction.  The  rup¬ 
tures  which  here  cause  the  revival  of  cicatrization  occur  in  the  same  manner; 
however,  they  occur  more  slowly  during  the  following  years. 

We  might  add,  however,  that  the  revival  of  -icatrization  sometime,  r 
does  not  occur  at  all  because,  in  this  case,  t..o  f.rst  layers  of  scar  cork 
have  become  suberized  like  the  others. 

Staphvllea  Pinnata  L. 


The  conditicrs  under  which  the  revival  of  cicatrization  of  S.  pinnata 
occurs  are  roughly  the  same  as  those  in  _.  ,rifoliata;  nevertheless,  it 
occurs  in  a  very  inconstant  and  very  incomplete  fashion.  The  first  layers  of 
the  scar  cork  may  remain  cellulosic  only  very  rarely  and  then  only  in  the 
lateral  parts  of  the  pulvinus.  This  means  that  the  separation,  when  it  does 
come  about,  remains  local  and  that  the  revival  of  cicatrization  is  never 
general. 
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Summary  of  Part  I 


In  our  study  of  the  phenomena  connected  with  the  fall  of  leaves  there 
are  two  types  of  facts  which  we  must  consider:  the  detachment  of  the  organ 
and  the  cicatrization  of  the  wound. 

Detachment  of  Tmaf 

Senaratir.^  Strife _ r 


The  leaf  is  detached  by  means  of  a  neo nanism  involving  a  special  stra¬ 
tum,  the  separating  stratum,  which  exists  in  all  cases  and  which  ordinarily 
is  differentiated  a  short  time  before  defoliation. 

This  stratum  develops  most  often  some  distance  above  the  axillary  an¬ 
gle  of  the  leaf  and  rarely  almost  at  the  level  of  that  angle  (Ribes  nigrum, 
Deutzia  scabra,  Azalea  sinensis,  etc.)  or  at  a  great  distance  above  it  (Sor- 
bus,  Cotoncaster  molanocarpa,  Calophaca  volgarica,  etc.). 

As  a  general  rale,  the  hard  tissues  are  particularly  reduced  in  size 
at  the  base  of  the  petioles,  in  the  region  where  the  separating  stratum  will 
develop.  The  walls  here  are  less  thick  and  the  only  lignified  elements  which 
we  find  here  are  the  ligneous  vessels,  frequently,  moreover,  the  entire 
bast-ligneous  system  is  more  or  less  constricted  ^ristolochia  Sipho,  Foten- 
tilla  fruticosa,  Caragana  altagana,  etc.). 

The  separating  stratum  is  ordinarily  quite  noticeably  perpendicular 
to  the  axis  of  the  petiole  but  it  may  also  be  very  oblique  toward  that  axis 
and  it  may  be  almost  parallel  to  the  axis  of  the  stem  (Aescuius,  Deutzia 
scabra,  Ribes  nigrum,  etc.).  In  the  majority  of  cases  it  reveals  a  level 
surface.  There  are  exceptions,  however:  sometimes  it  is  more  or  less  con¬ 
cave  toward  the  stem  (Rhus  Coin. aria,  Hanthoxylon  fraxineum,  esc. ) ;  in  Sor- 
bus  and  in  Spiraea  cpulifolia  in  forms  a  broken  surface  whose  angle  is,  in¬ 
stead,  turned  upward,  knot her  it  is  level  or  not,  it  almost  always  rises  a 
little  as  it  grows  across  the  leaf  bundles  so  that,  after  defoliation,  the 
fascicular  navels  are  slightly  in  relief.  This  rise  is  quite  exaggerated 
at  the  level  of  the  external  bundles  of  Catalpa  bignonioi'des  where  the  navels 
of  these  bundles  fora,  on  the  scar,  one  or  more  conical  teeth.  In  Gyrcno- 
cladus  canadensis,  there  is  a  less  pronounced  rise  leading  to  the  surface  of 
the  mamillated  scar. 

The  separating  stratum  is  always  distinguished  from  the  neighboring 
tissues  by  the  fact  that  it  reveals  the  characteristics  of  a  strongly  vege¬ 
tative  tissue.  Here  the  protoplasm  is  denser,  the  starch  is  more  abundant, 
and  the  cell  turgescence  is  stronger. 

Contrary  to  opinions  accepted  in  the  past,  it  is  no„  always  of  meris- 
tematic  origin,  that  is  to  say,  formed  by  a  cell  subdivision.  There  are, 
as  a  matter  of  fact,  many  species  where  it  consists  of  nor.subdivided  cells 
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(Aristoiochia  Sipho,  Amorpha  fruticosa,  Aesculus  Kippocastanum,  Forsythia 
cuspcnsa,  etc.).  In  othor  cases  it  is  formed  only  in  part  as  a  result  of 
cell  subdivision  (Gymnocladus  canadensis,  Alnus  glutinosa,  Rhus  Coriaria, 
etc.),  nevertheless,  there  are  species  where  it  is  entirely  derived  fro r. 
a  cell  division  (Moras  nigra,  M.  al'ca,  Viburnum  Cpulus,  V.  Ler.tago,  etc.). 
In  the  latter  case,  the  nur.ber  of  subs.!  .vis:.  ns  is  highly  vari.  S;.~\  it  gen¬ 


erally  involves  two  or  three  per  cell  . 
five  (Paulownia  imperial!  s,.  Morus  r.igr. 
as  eight  or  nine  (Spiraea  opulifelia). 


■"  -  Z'—J  na re  as  many  as  -  cur  or 

etc.)  ar.d  the  -a  nay  also  bo  as  many 


Ordinarily  —  when  the  separating  stratun  is  thus  derived  from  cell 
subdivisions  —  the  latter  are  oriented  almost  regularly  and  parallel  to  the 
direction  of  the  stratum  although  they  are  small  in  number;  in  the  opposite 
case,  their  orientation  is  very  irregular. 

The  separating  stratum  grows  across  the  leaf  bundles,  taking  over 
their  parenchymatous  cells  and  avoiding  only  the  ligneous  vessels  and  the 
sieve-like  tubos.  When  it  is  of  meristematic  origin,  the  subdivisions  here 
are  less  numerous  than  otherwise  and  they  are  oriented  more  regularly. 

Very  rarely  the  separating  stratun  is  made  up  of  only  one  layer  of 
cells  (Aristoiochia  Sipho);  most  often  it  involves  two  or  three  when  it  is 
formed  without  prior  cell  subdivision  and  it  consists  of  a  larger  number 
in  the  opposite  case.  In  some  species  its  thickness  is  not  equal  at  all 
points;  thus  it  may  consist  of  several  layers  in  the  entire  external  region 
of  the  petiole  and  only  a  single  layer  in  its  internal  region  (Alnus  glu- 
tinosa,  Rhus  Cotinus,  etc.) 

Ordinarily  there  is  nothing  at  the  base  of  the  adult  leaf  that  would 
indicate  the  future  position  of  the  autumn  separating  stratum.  In  some 
cases,  however,  the  leaf  has,  at  its  case,  a  joint  marked  by  a  circular  con¬ 
striction  or  a  groove  at  whose  level  the  parenchyma  cells  are  very  small 
and  gradually,  although  rapidly,  make  the  transition  to  the  largeer  cells 
of  the  petiole  and  the  pulvinus.  The  separating  stratum  is  thus  differen¬ 
tiated  through  this  joint  and  generally  at  the  expense  of  its  most  constricted 
region  (Kippophae  rhamnoi'dea,  Crataegus  monogyna,  Caragana  altagana,  etc.). 

In  Diospyros  virginicna,  the  Syringa,  Azalea  sinensis,  etc.,  we  can  observe 
a  special  feature  of  the  same  kind  although  it  is  even  more  pronounced  here. 
The  stratum  of  small  cells,  located  at  the  level  of  the  joint,  consists  of 
only  three  cr  four  layers  which  neatly  and  abruptly  separate  the  leaf  from 
its  pulvinus.  It  is  this  entire  stratum,  already  indicated  before  the  com¬ 
plete  development  of  the  leaf,  which  in  autumn  is  transformed  into  the  sep¬ 
arating  stratum,  thus  recalling  what  Brettfeld  described  for  the  monocotyle¬ 
dons. 

Leaf  Detachment  Mechanism 

Sxcept  in  the  few  special  cases  we  '.•rill  discuss  later  on,  the  leaf 
is  detached  as  the  cells  become  separated  from  each  other  inside  the  separ- 
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ating  stratum.  In  this  process,  the  cell  walls  hare  are  transformed  into 
a  pecto-cellulosic  mucilage  —  which,  by  the  way,  is  primarily  cellulosic 
here;  ordinarily  this  change  involves  the  entire  wall  with  the  exception  of 
a  thin  stratum  adjoining  the  cell  cavities.  The  mucilaginous  portion  is 
first  of  all  slightly  swelled,  especially  in  the  upper  layers  of  the  stratum; 
after  that  it  is  finally  dissolved  under  tho  action  of  the  cell  juice  /sa p7 
into  !_  in_7  'the  cells  which  will  border  on  the  dehiscence  surface.  The;  a 
border  cells  are  thus  isolated  from  e.ch  other;  their  protoplasm  is  from 
then  on  enveloped  only  by  the  thin,  unmodified  stratum  of  the  original  walls. 

The  size  of  the  mucilaginous  portion  of  the  walls  varies  with  the 
thickness  of  the  latter;  it  is  ordinarily  very  small  when  the  separating  stra¬ 
tum,  derived  from  a  cell  subdivision,  has  only  thin  walls.  In  some  cases 
however  (Forsythia  suspense,  Diospyros  virginiana,  etc.),  the  mucilage  is 
poorly  developed  although  the  walls  may  have  a  certain  thickness;  this  is 
the  case  because  only  the  primary  membrane  of  the  cells  is  dissolved  here. 

In  general,  separation  occurs  inside  the  separating  stratum  in  a 
rather  regular  fashion  between  two  layers  of  its  upper  region  and  in  a  man¬ 
ner  causing  the  majority  of  the  cells  of  the  stratum  to  remain  attached  to 
the  culvir.us. 


This  separation  produces  a  crack  across  the  base  of  the  leaf;  the 
leaf  now  falls  due  to  its  own  weight,  provided  it  was  not  still  helf  by  the 
vessels  and  the  sieve-like  tubes,  although  the  resistance  offered  by  the  lat¬ 
ter  is  soon  broken  due  to  the  effect  of  the  following  phenomena.  On  either 
side  of  tho  dehiscence  surface,  the  border  cells  grow  longitudinally  in  the 
opposite  direction,  pressing  against  each  other,  so  as  to  remove  the  leaf 
from  its  pulvinus.  The  resisting  elements  of  the  bundles  cannot  follow 
this  growth  and  are  subject  to  increasing  traction  which  causes  them  to 
break  and  as  a  result  of  this  the  leaf,  now  no  longer  held  by  anything,  falls 
due  to  the  effect  of  its  own  weight. 


When  the  separating  stratum  is  made  up  of  more  than  two  layers,  all 
of  its  cells  contribute  to  bringing  about  the  rupture  of  the  last  elements 
of  the  bundles  in  this  fashion.  In  effect,  all  of  then  are  more  or  less 
swelled;  in  this  fashion,  and  even  before  the  separation  as  such  takes  place, 
they  produce  a  noticeable  thickening  in  the  entire  stratum  and  they  thus  con¬ 
tribute  in  a  noticeable  fashion  to  the  removal  of  the  petiole  from  its  p$L- 
vinus.  T 

In  most  cases,  dehiscence  progresses  from  the  outside  toward  the  in¬ 
side  of  the  petiole;  more  rarely,  it  follows  the  inverse  order  (Koelreuteria 
paniculata,  Gynnocladus  canadensis,  etc.);  sometimes  it  begins  at  several 
points  in  the  stratum  at  the  same  time  (Paulownia  imperialis,  Kamamelis  vir¬ 
giniana,  Catalpa  bignonioides,  etc.). 

Although,  as  I  said  above,  the  separating  stratum  and  the  weight  of 
leaf  are  capable,  by  themselves,  to  bring  about  defoliation,  we  must  add  that 
the  wind  and  the  frost  may  noticeably  speed  up  this  process  by  triggering  it 
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even  before  the 
the  majority  of 
factors. 


completion  of  the  dehiscence  crack.  I  night  even  add  that 
leaves  fall  primarily  due  to  the  effect  of  these  latter  two 


In  Aristoiochia  Sipho,  the  mechanism  of  leaf  detachment  differs  from 


the  mechanism  which  we  have  just  descrih 


The  single  cell  layer  which 


constitutes  the  separating  stratum  here-  p  aws  very  much  in  the  longitudinal 
direction;  the  longitudinal  cell  walls  hers  become  very  thin  and  delicate 
and  they  are  gradually  broken  due  to  the  weight  of  the  leaf  and  due  to  the 
action  of  the  wind  and  the  frost.  A  similar  structure  may  also  be  produced, 
although  locally,  in  species  subject  to  the  first  mode  of  defoliation,  when 
a  part  of  their  separating  stratum  happens  to  consist  of  only  one  cell  layer 
(Rhus  Cotinus,  Alnus  giutinosa,  etc.). 


Succi catricial  Li rni f i cation 


The  vitality  of  the  elements  of  the  petiole  diminishes  rapidly  above 
the  separating  stratum  as  the  time  for  the  fall  of  the  leaf  draws  near  and 
at  the  moment  the  leaf  falls  the  protoplasm  has  disappeared.  In  some  cases 
these  are  the  only  changes  which  we  can  observe  in  this  region;  more  gener¬ 
ally,  however,  the  cells  here  also  undergo  a  parietal  lignificatio.n  which 
begins  a  little  after  the  appearance  of  the  separating  stratum.  This  ligr.i- 
fication  always  decreases  in  intensity  as  we  go  up  and  the  cell  walls,  which 
it  involves,  are  not  thickened  in  advance. 


This  lignified  tissue,  which  I  called  succicatricial  because  of  its 
position,  generally  consists  of  only  two  three  layers.  In  some  cases  it 
may  however  be  quite  thick  (Spiraea  opulifolia,  Tilia  europaea,  Corylus 
Avellana,  etc.).  In  Spiraea  opulifolia,  it  is  furthermore  the  seat  of  cell 
subdivisions  occurring  before  ligrafication. 


Cicatrization 


After  the  end  of  the  season  there  is  always  a  recovery  of  protoplasm 
vitality  which  appears  as  the  first  phase  of  the  scar  reaction;  this  happens 
in  the  pulvinus,  as  in  the  separating  stratum;  the  recovery  of  vitality  how¬ 
ever  is  of  lesser  intensity  at  that  time. 

I.  Cortical  Parenchyma.  Anatomical  Characteristics  of  Scar  Tissues 


There  are  four  defensive  measures  which  the  plant  may  use  to  cicatrize 
the  parenchymatous  tissues  under  the  wound  resulting  from  the  fall  of  the 
leaf;  these  are  the  following;  subdivision  of  the  primary  tissues  of  the 
pulvinus,  ligr.o-suberization  of  these  tissues  (with  or  without  deposit  of 
gummy  lignin  in  channels),  their  sclenfication,  or  the  formation  of  a 
secondary  scar  cork  below  them. 

a.  The  primary  tissues  are  subdivided  along  a  more  or  less  considerable 
stretch  of  the  pulvinus,  thus  forming  a  stratum  with  variable  thickness  and 
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position 


The  new  partitions  are  oriented  in  various  directions  in  each  cell; 
however,  the  transversal  directioniis  the  most  frequent  one  here,  especially 
in  the  parenchymatous  elements  of  the  bundles.  The  cells,  which  are  thus 
subject  to  meri sterna tic  action,  do  not  undergo  any  diametral  growth,  that  is, 
neither  before  nor  after  their  division. 


The  intensity  of  su' 
ness  of  the  stratum,  ir.volv 
region  and  sometimes  it  is 
to  this  peculiarity  later 


b division  is  usually  unequal  throughout  the  thick- 
ed;  sometimes  its  maximum  is  located  in  the  upper 
located  in  the  lower  region.  We  will  come  back 
on.. 


b.  Ligno-suberization  involves  the  primary  tissue  which  did  not  ear¬ 
lier  undergo  the  meristenatic  action  which  we  just  discussed;  this  ligno- 
suberization  always  operates  in  the  following  way.  The  cell  walls  are  ligrd- 
fied  withou*  being  thicker;  this  is  followed  by  the  addition  of  a  very  thin 
suberous  film  which  covers  the  entire  cell  cavity,  including  the  bordered 
pits,  that  is  to  say  it  develops  in  a  discordant  stratification  on  the  pre¬ 
ceding  parietal  strata. 


I  called  this  the  “ligno- suberous  stratum"  because  of  the  presence  of 
lignin  and  suberin  in  this  stratum  of  the  pulvinus.  These  two  substances 
are  rarely  equally  distributed  here  and  they  are  rarely  distributed  more  or 
less  uniformly  over  the  entire  thickness  of  the  stratum  (Biospyros  virginiana, 
Forsythia  suspensa).  Ordinarily,  the  lignification,  very  intensive  at  the 
base,  and  clearly  delimited,  progressively  decreases  in  intensity  toward  the 
upper  part.  The  suberous  film,  on  the  other  hand,  reveals  a  great  deal  of 
uniformity  in  all  cells  and  it  is  always  more  or  less  thin  here;  often,  how¬ 
ever,  it  is  missing  in  the  upper  part  of  the  stratum  inhere  we  then  observe 
only  the  last  traces  of  lignification. 

The  ligno-suberization  of  the  cells  is  always  followed  by  their  death. 


In  the  region  where  the  ligno-suberous  lamina  is  differentiated,  the 
intercellular  channels  are  often  absent  or  they  are  very  small.  In  the  rare 
casern  where  they  still  h*ve  a  middle  (average)  inside  diameter  (opening), 
they  are  frequently  obstructed  by  gummy  lignin  (Paulownia  imperialis,  etc.). 

c.  Cicatrization  by  simple  sclerification  of  the  elements  of  the 
pulvinus  is  very  rare;  I  encountered  it  only,  in  Kaciura  aurantiaca  although 
even  here  it  forms  only  a  portion  of  the  cicatrization  lamina  and  then  only 
in  the  external  and  lateral  regions  of  the  pulvinus.  The  cells  of  the  pul¬ 
vinus  which  constitute  this  hard  part  of  the  primary  scar  stratum  get  stronly 
thickened  walls  before  these  walls  are  lignified.  This  special  feature  of 
Kaciura  aurantiaca  recalls  the  primary  cicatrization  of  many  monocotyledons 
which,  according  to  3rettfeld,  thus  have  a  very  thick  sclerenchyma,  however, 
over  the  entire  width  of  their  pulvinus. 
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d.  The  secondary  scar  cork  is  then  connected  all  around  the  leaf 
pulvini  with  the  peridern  of  the  stem,  ar.d  it  is  always  histologically  con¬ 
stituted  like  the  latter,  except  sometimes,  when  the  constitution  is  some¬ 
what  different  in  those  of  its  layers  that  are  formed  first.  In  addition  to 
this  cork,  which  always  develops  between  its  generating  zone  and  the  surface 
of  the  wound,  we  may  also  have,  on  the  opposite  side,  a  more  or  less  thick 
phellodem,  even  though  the  periderm  of  the  stem  does  not  have  it.  This 
pheiiodern  is  most  frequently  cellulosic  ar.d  mylifercus  (Monispermum  cana- 
dense,  Fraxinus  Crr.us,  Moras  nigra,  etc.);  the  same  time  it  may  also  be 
hard  and  crystal-bearing  (Celtic  occldenealis) .  Its  maximum  thickness  gen¬ 
erally  is  found  along  the  bundle  passage  /where  it  grows  across  the  bundles/* 


These,  then,  are  the  four  types  of  scar  reactions  which  we  may  get 
in  the  leaf  pulvini  as  part  of  the  cicatrization  of  the  wound.  There  is  only 
one  among  them  which  seems  indispensable  to  complete  cicatrization  and  which 
appears  in  all  cases;  this  is  the  formation  of  the  secondary  cork  which  I 
called  "scar  cork, 11  this  cork  may  even  develop  by  itself  but  that  is  rare. 
Often,  the  formation  of  the  cork  is  accompanied  only  by  the  differentiation 
of  a  iigno-suberous  stratum.  At  other  times,  finally,  we  may  also  have  a 
m.oristematic  subdivision  of  the  cells  of  the  puivinus  before  ligno-suberus 
differentiation. 


the 

tho 


width  of 
petioles 


ize  of  the  cicatrization  stra 
the  wound  ar.d  the_strata  are 
are  the  biggest  [_  widest//. 


ta  is  usua 
thickest 


lly  in  a 
in  those 


direct  ratio  with 
species  where 


Time  of  Scar  Strata  Differentiation. 


The  factor  that  distinguishes  the  different  species  from  each  other, 
more  than  any  other  factor,  is  —  not  so  much  the  final  state  of  cicatriza¬ 
tion  —  but  rather  the  tine  the  latter  appears.  This  is  why  I  selected  my 
types  in  this  study  primarily  on  the  "oasis  of  this  period. 


a.  In  the  simplest  cases,  cicatrization  is  completed  before  defolia¬ 
tion  (Mispilus  germanica,  Amorpha  fruticosa,  Koelreuteria  paniculata,  etc.). 
A  ligno-suberous  stratum  is  then  differentiated,  at  the  expense  of  the  tis¬ 
sues  of  the  puivinus,  below  trie  wound  and  always  before  winter;  this  stratum 
is  doubled  by  a  scar  cork  during  the  second  year. 


At  other  times,  cicatrization  occurs  after  the  fall  and  resembles  the 
or.c  which  I  have  just  described;  in  that  case  the  tissues  of  the  puivinus, 
which  constitute  the  ligno-suberous  stratum,  have  been  the  seat  of  a  cell  sub¬ 
division  before  the  leaf  fell.  Let  us  note  that,  in  this  case,  the  subdivi¬ 
sion  is  always  more  active  in  the  upper  part  of  the  stratum  than  at  the  base 
(Brbussonetia  papyri-fera.  Ficus  Carica,  etc.). 

b.  Cicatrization  may  begin  even  before  defoliation  but  it  is  then 
represented  only  by  a  single  scar  stratum,  that  is,  either  the  ligno-suberous 
lamina,  or  the  cork.  In  the  first  of  these  cases,  the  cork  appears  below  the 


119 


ligno-suberous  lamina  only  during  the  second  year. 

When  the  ligno-suberous  lamina  exists  only  before  defoliation,  the 
ligno-suberization  may,  either,  not  have  been  preceded  by  any  cell  subdivi¬ 
sion  (Diospyros  virginiana,  Comus  sanguines,  Fagus  sylvatica,  etc.),  or, 
on  the  other  hand,  this  subdivision  may  turn  out  to  be  more  or  less  active 
here  (Korus  nigra,  Catalpa  bignonioi’des,  etc.).  In  this  latter  case,  the 
new  subdivisions  are  generally  numerous,  particularly  in  the  upper  part  of 
the  stratum  and  mere  rarely  in  its  lower  part  (  Magnolia  acuminata,  Juglane 
nigra,  Chimonanthus  fragrans). 

The  species  in  which  the  cork  exists  only  or  almost  only  before  the 
leaf  falls  are  very  small  in  number  (Aesculus,  Viburnum,  Salix,  etc.). 

c.  The  two  scar  tissues,  ligno-suberous  stratum  and  cork,  may  I'csxis'.i 
before  defoliation;  in  this  case  the  primary  tissue,  at  whose  expense  the 
ligno-suberous  stratum  will  be  differentiated,  may  or  may  not  have  been  the 
seat  of  a  prior  subdivision. 

When  we  do  have  subdivision,  it  is  more  active  at  the  base  of  the 
stratum  and  the  partitions  here  are  oriented  more  transversally  so  that  we 
have  a  gradual  transition  of  this  region  to  the  subjacent  cork. 

Ligno-suberization  always  appears  before  the  time  the  cork  is  formed; 
it  may  even  be  completely  terminated  at  that  time  although,  more  often,  it 
has  only  begun  by  then. 

We  therefore  see,  quite  generally,  that  the  cell  subdivision  of  the 
primary  parenchymatous  tissues  of  the  pulvinus  —  providing  there  is  any  — 
appears  always  prior  to  defoliation  and  beforejany  other  scar  differentiation 
Ligno-suberization  comes  next  /in  second  place/  and  always  during  the  first 
year.  The  formation  of  the  cork  may  also  begin  during  the  first  year;  how¬ 
ever,  more  often,  it  occurs  during  the  second  year.  When,  during  the  first 
year,  the  scar  cork  appears  belatedly  after  the  fall  of  the  leaf,  which  is 
not  at  an  frequent,  it  is  always  quite  thin  and  its  cells  differ  from  those 
of  periderm  of  the  stem  in  that  their  walls  are  always  very  thin. 

When  the  ligno-suberous  stratum  is  differentiated  before  defoliation, 
it  happens  sometimes  that  the  suberization,  at  its  base,  will  extend  beyond 
the  ordinary  suberous  film  of  each  cell  and  into  the  neighboring  parietal 
strata. 

When  the  two  scar  strata  or  only  one  of  them  exist  before  the  leaf 
falls,  they  will  begin  to  differentiate,  however,  sometimes  very  long  before 
defoliation,  in  July  or  August  (Gymnocladus  canadensis,  Aesculus,  Ailanthus 
glandulosa,  Acer  canpestre,  etc.);  most  often,  however,  this  happens  one  or 
two  months  or,  rarely,  less  than  that,  prior  to  defoliation  (Viburnum,  So- 
phora  japonica,  etc.). 


In  all  cases,  cicatrization  avoids  the  bundles  alrost  entirely  so 
long  as  defoliation  has  r.ot  been  completed. 

Let  re  add  at  this  point  that  —  when  cicatrization  occurs  only  after 
the  fall  —  it  is  never  carried  out  by  a  single  scar  cork. 

In  most  cases,  the  latter,  once  established,  only  thickens  during  the 
following  years.  In  some  species,  however,  this  cork  tends  to  develop  rcore 
and  more,  starting  in  the  second  year,  along  the  prolongation  of  the  peri- 
derr  of  the  stem  We  can  then  see  the  second-year  straeun  —  in  contact 
with  that  of  the  one  from  the  preceding  year  in  the  internal  region  of  the 
pulvinus  —  roving  away  and  heading  obliquely  toward  the  bottor  in  its  ex¬ 
ternal  region  (Gynr.ocladus  canadensis,  Menisperrun  canadense,  esc..).  £; 

tires  a  his  oblique  direction  is  even  wore  pronounced  when  the  sc  cord -ye 
cork  stratur.  is  only  in  contact  wish  that  of  the  preceding  year  in  she  axil¬ 
lary  angle  of  the  pulvinus  (C-leditschia  triacanthos) .  Finally,  it  may  also 
be  altogether  deeper  than  the  first  (Cladrastris  tinctoria,  etc.). 


Points  of  lenarturs  for  Sear  Differentiation 


In  the  ligno-suberous  strata,  the  r.sdifi cation  of  the  cell  walls  be¬ 
gins  either  in  the  upper  part  of  the  stratur.  (lores  nigra.  Ficus  Carica, 
Evcnyrus  latifolia,  etc.},  or  in  its  lower  portion  ( C hir.onant ha s  fragrans, 
Gymociadus  canadensis,  legundo,  etc.).  Furiherrore,  it  appears  more  often 
in  the  external  region  of  the  pulvinus  but  it  ray  also  begin  around  the 
leaf  bundles  (Forsythia  suspense,  Fagus  syivatica,  Fraxir.us  juglandifolia, 
etc.)  or  at  the  level  of  the  cortical  parenchyna  (Xanthoxylon  fraxineun,  Ne- 
gundo  fraxinifoliur,,  etc.);  soretir.es  it  ray  begin  in  several  places  at  the 
sare  tire  (lores  nigra.  Ficus  Carica,  Catalpa  bignonioi'des,  etc.). 


In  rose  cases  the  scar  cork  appears  then  also  in  the  external  region 
of  the  pulvinus  and  progresses  toward  its  internal  region;  the  opposite  case 
occurs  rue h  nore  rarely  (.iristoiochia  Sipho,  Paulownia  irperialis,  Diospyros 
virgin! ana,  etc.).  This  cork  ray  also  begin  in  the  interior  of  the  cortical 
parenchyra  (Xar.thoxyion  fraxineun,  Aes cuius,  etc.)  or  against  the  leaf  bun¬ 
dles  (Sorbus,  Cotor.easter  rslanocarpa,  lespilus  gerranica,  etc.). 

Sacrificed  Parer.chvrs 


Regardless  of  the  tire  of  scar  stratur  differentiation,  we  often  have 
—  above  these  strata,  between  then  and  the  surface  of  the  wound  (or  the 
separating  stratur  before  the  leaf  falls)  —  a  more  or  less  thick  portion  of 
pulvinus  tissue  which,  after  defoliation,  rerains  cellulosic;  I  called  this 
"sacrificed  parenchyra. "  This  tissue,  in  effect,  is  flattened  on  the  scar 
strata,  thus  augnenting .the  relief  of  the  fascicular  navels.  Moreover,  it 
is  often  invaded  by  the  ryceliur  of  various  fungi  which  never  penetrates  into 
the  subjacent  ligno-suberous  stratur. 

II.  Past-Ligneous  Bundles 
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The  cicatrization  of  the  bundles,  which  sonotir.es  starts  shortly  be¬ 
fore  the  leaf  falls  through  the  ligno-suberization  of  oho  tissues  of  their 
circumference,  eventually  ends  before  the  winter  through  the  completion  of 
the  ligno-suberization  of  all  of  their  elements,  except  the  sieve-like  tubes 
and  the  vessels.  After  this  first  cicatrization,  a  secondary  cork  develops, 
below  and  against  the  ligno-suberized  region  which  it  has  produced. 


Inside  the  ligno-subercus  strata: 
flattened  by  the  neighboring  cells;  alt! 


the  sieve-like  tubes  are  most  often 
lough  their  walls  «ro  lignified  more 


or  less  like  the  walls  of  the  latter,  this  process  takes  place  without  the 
development  of  a  suberous  film  inside  them.  Along  with  the  ligneous  vessels, 
these  are  the  only  elements  of  the  bundles  where  we  can  observe  this  pecul¬ 


iarity. 


The  ligneous  vessels  are  blocked  either  by  thaili  or  by  gummy  lignin 
or,  most  often,  by  both  cf  them  together  at  the  same  time.  However,  while 
the  thaili  always  develop  in  the  vessels  and  in  the  entire  base  of  the  petiole, 
before  the  leaf  falls,  the  gummy  lignin,  on  the  other  hand,  is  ordinarily 
deposited  in  the  pvlvinus  only  and  then,  only,  after  defoliation. 


Earlier  I  showed  that  the  substance  which  I  called  “gummy  lignin, 11 
instead  cf  “wound  gum, “  as  did  my  predecessors,  in  effect  only  looks  like  a 
gum,  whereas  it  reveals  all  of  the  microchemical  and  coloring  reactions  of 


lignin.  This  is  why  I  called  it  "lignin"; 
"gummy"  only  to  indicate  its  appearance. 


a  added  the  qualifying  adjective 


The  iigno-sube: 
edge  toward  their  car; 
vinus  than  in  the  cor 


rous  di: 
ter  and 


ferentiaticn  of  the  bundles  progresses  from  their 
it  almost  always  descends  lower  inside  the  pui- 


tical  parenchyma. 


After  the  scar  cork  has  been  developed  across  the  base  of  the  leaf, 
before  the  leaf  falls,  it  never  crosses  the  bundles  from  that  time  onward; 
it  then  disappears  around  them,  climbing  up  slightly  toward  the  separating 
stratum.  The  bundles  are  cut  by  the  cork  only  after  the  leaf  has  fallen  and, 
except  for  some  rare  exceptions,  during  the  second  year,  only;  the  genera¬ 
ting  zone  of  this  cork,  by  the  way,  is  formed  at  the  expense  of  their  j_  bun¬ 
dles/  living  elements.  The  sieve-like  tubes  and  the  vessels  are  broken  due 
to  the  effort  of  the  cork,  as  it  grows.  Although  the  vessels  are  obstructed 
by  thaili,  the  former  often  subdivide  at  the  level  of  the  generating  zone 
and  contribute  to  the  formation  of  the  cork  (Aescuius,  Aristolochia  Sipho, 
Juglar.s  nigra,  etc.). 


In  most  cases,  the  cork  thus  grows  across  the  bundles,  describin'*  a 
curve  toward  the  stem,  along  the  lower  surface  of  the  ligno-suberous  lamina. 


The  lard  bast  which,  as  we  saw  earlier,  is  always  missing  at  the  level 
of  the  separating  stratum,  may,  on  the  other  hand,  in  certain  species,  exist 
at  the  level  of  the  scar  cork,  in  this  case  the  latter  never  grows  across 
it;  it  may  either  be  stopped  abruptly  around  it  (Gymnocladus  canadensis),  or 
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it  way  curve  back  toward  its  surface  and  gradually  disappear,  enveloping  it 
with  a  sleeve  which  will  sor.etir.es  plunge  toward  the  stem  (Robinia  hispida, 
Platarrus  occidentalis,  Gleditschia  triacanthos,  etc.),  or  climb  back  up 
again  toward  the  surface  of  the  scar  (Ar.orpha  fruticosa). 

III.  Secreto rv  Tissue 

1.  Crystal-Bearing  Cells 


The  crystal-bearing  cells  never  subdivide,  even  when  they  are  included 
in  a  region  where  the  cell  division  is  very  active.  Those  that  are  included 
in  the  ligno-suberous  lamina  nay  be  dead;  but  that  does  not  prevent  their 
walls  from  becoming  more  or  less  lignified  (irorpha  fruticosa,  Aristoloch-  •; 
Sipho..  etc.).  However,  when  they  still  contain  protoplasm,  they  are  capable 
of  becoming  ligr.o-suberised  and  the  suberous  film,  which  they  produce,  will 
then  cover  not  only  their  walls  but  also  the  outside  of  the  thin  envelope 
of  crystals  and  the  outside  of  the  bridges  which  often  connect  this  envelope 
to  the  walls  (Alnus  glutinosa,  Castanea  vulgaris,  etc.) 


2.  Secretory  Cells 


The  isolated  secretory  cells  appear  incapable  of  any  reaction  related' 
to  the  fall  of  the  leaf;  their  conter.+  dries  out  (Magnolia  acuminata,  Ben¬ 
zoin  odiferum,  etc.). 


3.  Articulated  Laticiferous  Organs 

The  articulated  laticiferous  organs  of  imerpha  fruticosa,  of  the 
Robinia,  of  Caragana  altagana,  etc.,  are  broken  by  the  separating  stratum 
and  by  the  cork  in  the  same  way  as  the  sieve-like  tubes.  Ordinarily  their 
walls  are  lignified  in  the  passage  of  the  ligno-suberous  stratum. 


In  the  case  of  the  Aesculus,  Hegundo,  Acer  campestre,  etc.,  these 
same  elements  subdivide  trar.sversaily  several  times,  and  sometimes  also  lon¬ 
gitudinally,  at  the  level  of  the  primary  cicatrize cion  stratum;  then  the 
newly  formed  cells  are  ligno-suberized.  These  laticiferous  organs  then  sub¬ 
divide  again,  later  and  further  down,  in  order  to  become  involved  in  the 
composition  of  the  generating  zone  of  the  scar  cork  and  in  order  to  contri¬ 
bute  to  the  formation  of  the  latter. 


4.  Branching  hatied fsrons  Organs 

In  Morus  nigra,  M.  alba.  Ficus  Carica,  etc.,  the  branching  laticifer¬ 
ous  organs  are  first  of  all  plugged  up,  in  each  of  their  branches,  by  two 
plugs  consisting  of  modified  latex,  and  then  by  twe  partitions,  one  above 
the  separating  stratum  in  the  petiole  and  the  other  below  it  in  the  pulvi- 
r.us.  These  partitions  are  finger-shaped  and  have  convexities  turned  toward 
each  other,  that  is  to  say,  two  of  them,  at  a  time,  are  turned  toward  the 
separating  stratum  /both  of  them  toward  the  separating  stratum/*  In  Peri- 
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ploca  graeca  it  nay  also  happen  that  only  th 


a  ryrrs  i  r  ~  n" 


These  laticiferous  organs  are  then  broken  at  the  level  of  the  separ¬ 
ating  stratum,  in  their  sacrificed  region,  that  is  to  say,  between  the  two 
partitions;  later  on  they  are  crushed  and  cut  by  the  scar  cork  either  above 
or  below  the  lower  partition. 


5.  Secretory  Sacs 

The  secretory  sacs  of  Tilia  europaea  and  Ptelea  trifcliata,  which 
often  are  contained  inside  the  ligno-suberization,  undergo  no  change  other 
than  the  ligno-suberization  of  their  epithelial  cells.  Those  which  are  found 
at  the  level  of  the  separating  stratum  or  of  the  scar  cork  are  shaped  (twist 
by  these  two  tissues, 

6,  Secretory  Canals 

The  secretory  canals  of  Aralia  spinosa  are  plugged  by  gummy  lignin  be- 
for  the  leaf  falls,  from  a  point  at  a  certain  distance  above  the  separating 
stratum  in  the  petiole  all  the  way  to  a  point  a  little  below  the  scar  strata 
in  the  pulvinus. 


Those  of  Rhus  are  blocked  by  their  epithelial  cells  which  are  developed 
into  thalli  inside  the  canal.  These  thalli  are  ligno-suberized  at  the  level 
of  the  ligno-suberous  lamina  and  are  transformed  into  the  generating  zone 
which  will  produce  the  zone  that  generates  the  secondary  cork.  In  this  fash¬ 
ion,  the  first  and  the  second  scar  lamina  establish  their  continuity  across 
/through/  the  canals. 

Some  Special  Features  Pertaining  to  the  Separatin?  Stratum  or  the  Ci¬ 
catrization 


Leaf-3ud  Scale  lamella 


In  seme  species  the  axillary  bud  or  buds  of  the  leaf  are  hidden  under 
the  more  or  less  swollen  base  of  the  petiole  (Platanus  occiaentalis,  Rhus 
Coriaria,  Ptelea  trifoliata,  etc.).  Ordinarily,  the  separating  stratum  is 
then  formed  below  this  swelling  so  that  the  buds  are  exposed  after  the  leaf 
falls  (Sophora  japonica,  Ciadrastris  tinctoria,  Robinia  hispida,  etc.).  In 
some  species,  however,  this  stratum  is  formed  higher  up  and  extends  across 
the  petiole  swelling.  After  the  leaf  falls,  a  portion  of  this  swelling  then 
remains  above  the  buds;  I  have  called  this  portion  "leaf -bud  scale  lamella, " 
in  comparison  with  the  scales  by  the  same  name,  whose  role  is  likewise  to 
protect  the  buds  during  the  winter.  While  the  only  bud  of  Philadelphus 
coronarius  and  all  of  those  of  Robinia  Pseudo-Acacia  are  thus  hidden,  only 
three  out  of  the  four  in  Kenispermum  canadense  are  thus  protected. 

In  Ptelea  trifoliata  the  separating  stratum  extends  into  the  petiole 
swelling  above  the  cuds;  but  this  happens  in  a  fashion  preventing  the  dehis¬ 
cence  from  extending  into  this  region  and  similarly  preventing  the  formation 
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of  a  leaf -bud  scale  lamella.  foes  not  this  arrangement  recall  the  existence 
of  an  ancestral  state  which  .tight  have  disappeared? 

In  Gleditschia  triacanthos  v.  ir.emis,  the  separating  stratum  is  ar¬ 
ranged  in  such  a  way  that  four  out  of  five  buds  are  hidden  by  the  enlarged 
extremity  of  the  puivinus  without  the  latter  otherwise  taking  on  the  appear¬ 
ance  of  a  leaf -bud  scale  lamella. 


Species  With  fees 


In  the  species  where  the  periderm  is 
stem,  it  is  also  similarly  situated  in  the 
around  the  leaf  bundles;  this  sleeve  svrrcu 
a  more  or  less  considerable  distance  (Peter. 
Calophaca  volgaricas  etc.). 


normally  situated  deeply  in 
puivinus.  It  then  forms  a  el 
uus  the  bundles  completely  ov 
tilla  fruticosa,  Caragana  alt, 


In  these  species  the  scar  cork  does  not  develop  across  the  cortical 
parenchyma  which  constitutes  a  veritable  sacrificed  tissue;  it  grows  only 
across  each  of  the  bundles,  plugging  their  peridermal  sleeve  near  the  base. 


Revival  of  Cicatrization 


In  certain  species  the  scar  tissues,  which  are  formed  before  the  win¬ 
ter  of  the  first  year  (ligr.o-suberous  lamina),  are  removed  during  the  second 
year  due  to  the  establishment  —  below  them  —  of  a  new  separating  stratun 
similar  to  the  one  which  triggered  the  autumn  fall  of  the  leaves  (Hamamelis 
virginiana,  Parrotia  persica,  Sorbus,  etc.). 


as 

father  long  in 


which 

size.  Between  the  revival  separa- 
•suberous  lamina  (first  scar  lamina),  there  also 
continues  to  exist  a  more  or  less  thick  parenchyma.  Above  the  new  separating 


:_n  tne  oorcu 

results  from  defoliation, 
ting  stratum  and  the  iig.no- 


then  find  differentiated  a  lignified  region  similar  to  the  one 
ch  was  formed  earlier  i.i  the  base  of  the  petiole  above  the  autumn  separa¬ 


ting  stratum  (subcicatriciai  lignified  stratum). 


In  Fagus  sylvatica  and  Carpinus  Betulus,  the  exfoliation  of  the  first- 
year  scar  strata  is  produced  by  a  slightly  different  process.  The  first 
layers,  supplied  by  the  secondary  cork  generating  zone,  below  the  ligno-su- 
berous  stratum,  remain  ceilulosic  ar.d  grow  very  much  in  the  longitudinal  di¬ 
rection;  their  walls  then  become  very  thin.  After  that,  these  delicate  walls 
are  broken  progressively  —  due  to  the  action  of  external  factors  —  in  the 
same  fashion  as  in  the  autumn  separating  layer  in  Aristolochia  Sipho.  We 
may  encounter  a  similar  arrangement  in  Staphyllea  trifoliata;  however,  since 
this  is  often  local,  the  revival  which  it  produces  may  only  be  partial. 

'.nrcescent  Leaves 


We  find  marcescent  leaves  primarily  in  those  species  which  feature  a 
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revival  of  cicatrization 


The  feature  distinguishing  these  m 
leaves  of  the  sane  species  is  nothing  more- 
development  of  the  autumn  separatin'*  strat 
effect,  leaves  that  are  developed  later  th 
have  not  yet  terminated  their  vital  cycle 
so  that  the  bad-weather  season  kills  then 
terminate  or  even  begin  here  the  establish 


rcescent  leaves  from  the  deciduous 
than  the  absence  or  incomplete 
un.  The  narcescent  leaves  are,  in 
an  the  others;  they  are  leaves  that 
at  the  ordinary  defoliation  tire, 
before  the  plant  has  had  time  is 
ran-  of  the  separating  stratum,. 


The  ligno-suberous  stratum,  furthermore,  i 
base  of  these  leaves,  before  winter  comes,  in  the 
the  diciduous  leaves;  but  this  happens  only  after 
is  ordinarily  not  as  thick  ar.d  its  thickness  deer 
later  its  differentiation  comes  about. 


s  differentiated,  in  the 
same  way  a*  in  the  case  of 
■  their  death.  Moreover,  it 
■eases  even  further,  the 


Haring  the  second  year,  it  is  a  revival  of  cicatrization  which  brings 
about  the  fall  of  the  narcescent  leaves  (Hananelis  virginiana,  Tagus  sylva- 
tica,  etc.)  and  which,  aided  by  the  weight  of  the  leaf  and  the  wind,  then 
occurs  much  faster  than  that  of  the  pulvini  of  the  diciduous  leaves. 


In  the  Quercus  hispanica  and  pedunculate,  the 
occurs  only  in  the  tulvini  of  the  narcescent  leaves, 
/approximate,  vague/  in  the  others. 


revival  of  cicatrization 
It  is,  at  most,  rough 
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FALL  OF  POLICIES  AND  CICATAIm'.A: 


In  the  historical  review  at  the  beginning  of  this  work  we  saw  that 
only  two,  out  of  all  the  authors  who  studied  the  phenomenon  of  autumn  defol¬ 
iation,  concentrated  on  the  fall  of  the  folioles  in  a  joint  project;  I  an 


Guignar:!  ( "Observations  On  the 


c.e  France, 


Volume  mi  1862, 


talking  here  about  Mr.  Van  Tieghem  and  ; 

Mechanism  of  Leaf  Fall, 11  Bull-  do  la  Soc.  Fot, 
page  312).  They  studied  only  one  case  --  the  case  of  Gymnocladus  canadensis 
—  and  then  only  under  artificial  conditions.  We  will  recall  that,  accord¬ 
ing  to  these  authors,  the  wound  left  by  the  fall  of  the  folioles  is  never 
cicatrized. 


The  results,  which  I  will  present  in  this  second  part,  like  those  per¬ 
taining  to  the  leaves,  were  obtained  on  the  basis  of  a  study  of  organs  nor¬ 
mally  falling  in  autumn.  They  involve  several  species  which  I  will  now  des¬ 
cribe  in  succession. 

Before  we  go  any  further,  I  would  like  to  point  out  a  general  fact; 
there  is  no  lignified  element  ether  than  the  vessels,  at  the  base  of  the  fol¬ 
ioles,  as  at  that  of  the  leaves,  before  the  beginning  of  the  phenomena  that 
prepare  the  way  for  the  fall  of  the  leaf;  furthermore  I  want  to  state  that 
the  bast-ligr eous  bundles  here  are  frequently  constricted. 

Sorbus  Aucuraria  L. 


At  the  base  of  the  folioles  of  Sorbus  aucuparia,  we  can  observe  a 
slight  constriction  a  little  above  its  insertion  and  on  the  inside  face  only. 
The  separating  stratum  for  the  foliole  develops  at  its  j_  this_7_level,  some¬ 
time  cefore  the  separating  stratum  0"  the  leaf.  This  stratum  }_  foliole  sep¬ 
arating  stratum^/  is  made  up  of  two  or  three  layers  of  ceils  which  —  in  con¬ 
trast  to  those  making  up  the  leaf  separating  stratum  in  the  same  species  — 
are  not  subdivided  in  advance.  Above  it  we  have  a  suocicatricial  lignified 
stratum  undergoing  differentiation  here,  similar  to  the  one  we  encountered 
at  the  base  of  the  leaf. 

The  foliole  separating  stratum  mechanism  —  in  this  species  and  in 
the  following  ones  —  is  the  same  as  the  mechanism  for  the  leal  separating 
stratum  in  the  same  species. 

This  separating  stratum  is  established  at  the  base  of  all  folioles 
but  it  dees  not  always  manage  to  function  before  the  detachment  of  the  leaf, 
especially  when  we  have  an  abrupt  or  sudden  heavy  wind  or  frost.  Thus  we 
see  that  some  folioles  may  be  involved  with  the  petiole  in  its  fall  may  be 
forced  to  fall  with  the  petiole J, 

In  the  pulvinus  of  the  folioles  there  is  never  any  trace  of  cicatri¬ 
zation  that  right  occur  prior  to  their  fall  but  it  may  occur  afterward.  As 
a  matter  of  fact,  among  the  folioles  which  fall  early,  many  do  so  while  the 
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petiole  is  still  quite  alive  and  while,  therefore,  the  tissues  of  the  little 
leaf  pulvinus  still  have  sufficient  vitality  to  react  against  the  irritation 
resulting  from  the  fall  of  the  foliole.  This  leads  to  the  formation  of  a 
cicatrization  stratum  under  the  wound,  although  this  stratum  appears  perfectly 
useless  to  the  plant  since  the  fall  of  the  petiole  —  which  comes  a  short 
time  afterward  —  will  involve  it  /"carry  it  away J  likewise. 

This  cicatrization  stratum,  by  the  way,  is  more  or  less  complex,  de¬ 
pending  on  whether  the  fall  of  the  foliole  occurs  more  or  less  shortly  be¬ 
fore  the  fall  of  the  leaf. 

In  the  most  complex  cases  of  cicatrization  which  I  observed,  I  found 
—  below  the  remnants  of  the  separating  stratum  — —  not  only  a  lamina  con¬ 
sisting  of  two  or  three  layers  of  ligno-suberous  cells  (ss.  Figure  10*0,  but 
also,  below  and  against  it,  a  secondary  cork.  The  latter,  which  might  even 
completely  grow  across  the  bundles  (lie.  Figure  10*0,  was,  however,  more 
than  two  or  three  layers  thick.  The  ligneous  vessels  were  plugged  by  guray 
lignin. 


This  kirn  of  state  of  cicatrization  of  the  wound  left  by  the  folioles 
is  not  rare  in  this  species;  I  observed  it  rany  times.  I  might  also  point 
out  here  that  it  turns  out  to  be  more  complete  than  that  of  the  first  year 
at  the  base  of  most  of  the  leaves  since,  in  this  latter  case,  the  cork  grows 
across  uhe  bundle  only  in  very  exceptional  instances,  when  the  cicatrization 
of  the  foliole  pulvini  is  less  complete,  the  cork  may  be  absent  and  may  re¬ 
veal  only  the  rough  outline  of  its  generating  zone.  Most  often,  the  ligno- 
suberous  stratum  exists  here  all  by  itself;  at  other  times  it  is  represented 
only  by  a  few  lignified  cells.  Finally,  in  yet  ether  cases,  there  nay  be  no 
trace  of  cicatrization  whatever. 


I  have  often  found  sever  degrees  of  cicatrization  in  one  and  the 
same  leaf,  that  is  to  say,  in  the  different  foliole  pulvini  carried  by  one 
and  the  same  petiole. 

Juglons  Nigra  L. 

The  leaf  of  J.  nigra  generally  drops  its  folioles  a  long  time  before 
its  fall. 

The  separating  stratum  of  these  folioles  aifiers  from  that  of  the 
leaves  in  that  it  is  not  of  meristenatic  origin.  Its  formation  is  accompan¬ 
ied  by  the  characterization  of  a  more  or  less  thin  lignified  stratum  which 
is  established  above  it,  in  the  base  of  the  foliole,  and  ]_  accompanied  b y_y 
the  production  of  numerous  thalli  in  the  ligneous  vessels  of  the  same  region. 

Since  the  folioles  fall  rather  prematurely  or  guite  a  bit  earlier  than 
the  leaves,  we  find  that  the  cicatrization  of  their  J_  the  foliolesj  wound 
is  frequent;  the  process  involved  here  most  often  involves  the  following 
steps.  A  ligno-suberous  lamina  is  formed  below  the  debris  of  the  separating 
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stratun  and  against  this  debris  (ss,  Figure  105);  the  thickness  of  this 
ligno-suberous  lamina  averages  five  to  seven  layers  of  cells,  the  lover  ones 
of  which  are  often  subdivided  once  or  twice,  even  before  the  foliole  falls. 

The  ligno-suberization  here  involves  always  the  parenchymatous  elements  of 
the  bundles,  including  the  thalli.  Below  this  ligno-suberous  stratum  I  was 
never  able  to  observe  anything  more  ti^an  the  rough  outlines  of  a  cork;  these 
outlines  are  found  especially  in  the  internal  cortical  parenchyma,  in  the  vi¬ 
cinity  of  the  bundles. 

As  in  Sorbus  aucuparia,  we  can  encounter  all  of  the  intermediate  var¬ 
iations,  along  with  this  most  complete  state  of  cicatrization;  these  varia¬ 
tions  :*ght  even  include  the  complete  absence  of  cicatrization;  this,  of 
course,  would  depend  on  the  greater  or  lesser  precociousness  of  the  fall  of 
the  fclioles. 

An  odd  terminal  foliole  will  never  be  detached  because  there  is  no 
separating  stratum  developing  at  its  base,  nor  will  there  be  ary  scar  tissues. 
This  peculiar  feature  is  explained  probably  by  the  fact  that  its  median  vein 
directly  continues  the  petiole  without  articulation  and  without  modification 
of  tissues  of  any  kind  whatever. 

C-vmocladus  Canadensis  lank. 

The  leaf  of  Gymnocladus  canadensis  is  composed  of  two  stages.  The 
folioles  are  the  first  to  fall  rather  long  before  the  leaf  fails.  The  second¬ 
ary  oetioies,  on  the  other  hanu,  are  detacned  only  a  short  time  oefore;  some 
of  them  are  ev:~.  still  attached  to  the  primary  petiole  at  the  moment  it  falls. 

The  tissue  changes  which  occur  at  the  base  of  the  folioles  and  at  the 
base  of  the  secondary  petioles,  before  their  fall,  are  of  the  same  nature 
in  both  cases.  These  two  types  of  organs  have  an  articulation  at  their  base; 
this  articulation  is  marked  by  a  circular  constriction  at  whose  level  the 
elements  of  the  cortical  parenchyma  gradually  become  smaller  in  size.  The 
separating  stratum  is  formed  at  the  expense  of  the  small  cells  of  this  ar¬ 
ticulation,  without  the  separating  stratum  being  first  the  site  of  cell  sub¬ 
divisions;  dehiscence  here  occurs  by  the  same  method  as  at  the  base  ox  the 
leaf,  that  is  to  say,  through  the  separation  of  the  cells.  A  more  or  less 
thin  subcicat ricial  lignified  stratun  is  differentiated  above  the  separating 
stratun. 

There  is  generally  no  cicatrization  below  the  wounds  left  behind  by 
the  fall  of  the  secondary  petioles.  C.i  the  other  hand,  below  the  wounds 
left  by  the  folioles, we  can  often  observe  a  more  or  less  pronounced  cicatri¬ 
zation,  depending  on  the  precociousness  of  the  fall  of  these  folioles.  This 
cicatrization  most  often  consists  of  the  ligno-suberization  of  a  layer  of 
four  or  five  cells;  this  ligno-suberization  also  involves  the  bundles. 

On  the  basis  of  what  I  have  just  said,  I  night  note  that  l  do  not 
agree  with  Messrs,  Van  Tieghen  and  Guignard  (loc.  cit.,  p.  312);  these  two 
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authors  maintain  that  the  separating  stratum  is  a  merisiematic  layer  reveal¬ 
ing  two  or  three  new  thin  partitions  and  that  a  middle  layer  is  resorb ad 
during  the  detachment  of  the  foliole.  I  likewise  disagree  with  them  when  they 
say  that  the  wound  left  by  the  folioles  on  "the  primary  petiole"  (since  the 
leaf  is  composed  of  two  stages,  there  is  no .doubt  that  we  are  actually  deal¬ 
ing  here  with  the  secondary  petioles)  is  never  cicatrized. 

I  would  also  like  to  point  out  again  the  artificial  conditions  under 
which  these  authors  studied  the  fall  of  the  folioles  and  of  the  leaves;  I 
thought  that  these  conditions  might  cause  a  variation  in  the  process  of  de¬ 
foliation  and  this  is  why  I  tried  to  repeat  their  experiment.  I  thus  put 
detached  branches  of  Gymnocladus  canadensis  in  cans  at  the  same  time,  in  July, 
that  is,  and  I  kept  them  there  as  much  as  possible  under  the  same  environ¬ 
mental  conditions. 

In  this  experiment  I  noted,  first  of  all,  that  —  even  under  normal 
conditions  and  under  the  conditions  observed  by  Mr.  Van  Tieghem  and  Mr. 
Guignard  —  the  separating  stratum  appeared  successively  at  the  base  of  the 
folioles,  then  at  the  base  of  the  secondary  petioles,  which  these  authors 
do  not  mention  at  all,  and  finally  at  the  base  of  the  leaf  itself.  I,  on 
the  other  hand,  found  that,  despite  these  special  experimental  conditions, 
the  mechanism  of  detachment  of  the  different  parts  of  the  leaf  remained 
similar  to  that  of  natural  defoliation,  that  is  to  say,  that  the  formation 
of  the  separating  stratum  was  not  preceded  by  any  subdivision  and  that  its 
cells  were  separated  without  ever  being  resorbed.  Like  Messrs.  Van  Tieghem 
and  Guignard,  I  did  not  observe  any  trace  of  cicatrization  either  in  the 
base  of  the  folioles,  or  in  that  of  the  secondary  petioles,  or,  for  that 
matter,  at  the  base  of  the  leaf.  This  shows  how  the  process  of  artificial 
fall  differs  in  this  respect  from  autumn  fall. 

I  might  also  add  that,  in  this  experiment,  there  is  a  subcicatricial 
lignified  stratum  above  the  separating  strata  of  the  different  parts  of  the 
leaf;,  the  characterization  of  this  subcicatricial  lignified  stratum  is  si¬ 
milar  to  that  which  forms  in  autumn  ana  I  found  that  the  former  here  is 
much  more  lignified. 

Staphyllea.  Pinnata  L. 

In  this  species  the  separating  stratum  is  formed  right  at  the  base 
of  each  foliole  at  the  expense  of  the  tv:o  layers,  some  of  whose  cells  have 
split  earlier  transversaily  and  only  once,  differing  in  this  respect  from 
the  separating  stratum  of  the  leaf  which  reveals  numerous  subdivisions.  We 
note  here  a  weak  lignification  of  the  tissues  above  it. 

After  the  foliole  falls,  we  may  or  may  not  get  a  scar  stratum  made 
up  of  two  or  three  layers  whose  walls  undergo  ligno-suberous  modification. 

We  know  that  the  folioles  of  Staphyllea  pinnata  are  opposite  /opposed/ 
and  inserted  on  petiole  swellings  which  constitute  veritable  nodes.  Now, 
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the  lignified  tissues  which  are  abundant  in  the  bundles  and  the  pith  of  the 
internodes  of  the  petiole  arii  reduced  at  the  level  of  the  nodes  to  the  point 
where  they  are  represented  only  by  the  ligneous  vessels;  this  can  be  found 
also  to  exist  at  the  base  of  the  folioles  and  the  leaves.  Moreover,  a  separ¬ 
ating  stratum  is  formed  in  autumn  across  each  of  these  nodes;  this  separating 
stratum  cuts  across  the  entire  cortical  parenchyma,  the  medullary  parenchyma, 
and  even  the  bundles  (cs.  Figure  10?).  This  separating  stratum  is  developed 
for  each  node  around  the  same  time  as  that  of  the  corresponding  folioles  but 
the  cell  subdivisions  here  are  more  abundant.  The  lignification  of  the  tis¬ 
sues  which  occurs  above  it  is  likewise  more  accentuated. 

Although  there  may  be  a  separating  stratum  at  all  of  the  ncdesjof  the 
petiole,  the  intemcdes  of  the  latter  are  not  always  disarticulated  £  dis¬ 
jointed  J,  Generally,  as  a  matter  of  fact,  these  types  of  strata  act  some¬ 
time  after  those  of  the  folioles  and  only  a  short  time  before  the  fall  of 
the  petiole  itself,  so  that  the  terminal  intemodes  only  have  time  enough 
to  become  detached.  (Ker,  B.,  "Vegetative  Phenomena  Preceding  or  Accompanying 
the  Loss  and  Fall  of  Leaves, !l  Bull,  de  la  Soc.  bot.  de  France,  Volume  XXIII, 
18?6,  page  188,  found  a  similar  disarticulation  of  the  intemodes  of  the 
petiole  in  the  leaves  of  Kahonia  whose  fall  he  managed  to  bring  about  while 
keeping  a  leaf -bearing  branch  in  a  closed  space  saturated  with  humidity.) 

I  never  observed  —  below  the  scars  thus  produced  —  any  formation  of  scar 
strata  similar  to  those  which  I  pointed  out  in  certain  foliole  pulvini  of  the 
same  species. 

Caragana  Altagana  Poir. 

At  the  base  of  the  folioles  of  Caragana  altagana  (Figure  106)  we  have 
an  articulation  as  at  the  base  of  the  leaves  but  the  circular  groove,  which 
indicates  it,  is  not  as  deep  although  it  is  very  clearly  indicated.  As  in 
the  case  of  the  base  of  the  leaves,  the  separating  stratum  is  differentiated 
here  at  its  level.  This  stratum  is  topped  by  a  more  or  less  thin  subcica- 
tricial  lignified  layer;  besides,  it  tops  another  lignified  layer  even  before 
the  leaf  falls  (rs  and  s.  Figure  106). 

In  the  C.  altagana,  the  cicatrization  of  the  foliole  pulvini  has  al¬ 
ready  begun  before  the  folioles  fall.  Sometimes  —  although  very  rarely  — 
the  lignified  scar  stratum  may  be  completed  later  on  through  the  characteri¬ 
zation  of  some  ligno-su’oerous  elements  further  down.  The  vessels  are  almost 
always  filled  with  gummy  lignin  up  to  a  certain  distance  below  the  surface 
of  the  scar. 

All  of  the  folioles  generally  fall  before  the  petiole. 

Caloohaca  Volgarica  Fisch. 

The  folioles  of  this  species,  like  those  of  the  preceding  one,  has  a 
basilar  articulation;  however,  in  autumn,  the  lignified  scar  strata  are  the 
only  ones  we  encounter  here.  There  is  no  modification  in  the  foliole  pul¬ 
vini  after  the  folioles  fall.  . 
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Xanthcxvlon  Fraxjnenm  Wlild 


The  folioles  of  X.  fraxineum  all  fall  before  the  petiole;  however, 
since  they  generally  fall  only  a  short  time  earlier,  we  get  a  scar  reaction 
below  the  wound  only  rarely.  In  some  cases,  however,  I  four  some  ligni- 
fied  strata  or  even  some  ligno-suberous  strata  here. 

A  separating  stratum,  similar  to  that  of  the  folioles  and  topped,  like 
it,  by  ajrather  thin  subcicatrieiai  lignified  stratum,  develops  across  the 
latter  £  ligno-suberous  stratum^/  and  often  also  across  the  two  last  nodes  of 
the  petiole,  as  in  the  case  of  those  of  Staphyllea  pinnata.  Despite  the 
presence  of  these  separating  strata,  it  is  very  rare  to  find  this  disarticu¬ 
lation  of  the  two  last  intemodes  of  the  petiole.  Ordinarily,  the  latter 
falls  before  their  disarticulation. 

Aralla  Soinosa  L. 

We  know  that  the  leaf  of  Aralia  spinosa  is  composed  of  two  stages. 

The  different  parts  of  this  leaf  are  attached,  in  pairs,  to  one  and  the  same 
node  of  a  primary  petiole  or  a  secondary  petiole,  depending  on  the  part  we 
are  considering. 

Before  the  separating  stratum  at  the  base  of  the  leaf,  we  can  observe 
the  formation  of  similar  separating  strata  not  only  at  the  base  of  the  fol¬ 
ioles  and  the  secondary  petioles,  as  in  the  case  of  Gyrmocladus  canadensis, 
but  also  across  all  of  the  nodes  of  the  secondary  petioles  as  well  all  of 
those  of  the  primary  petiole.  All  of  them  are  made  up  in  the  same  fashion 
as  a  result  of  the  subdivision  of  one  or  more  cell  layers.  A  thin  subcica- 
tricial  lignified  stratum  is  differentiated  above  each  of  them;  in  addition, 
thalli  penetrate  into  the  interior  of  the  big  vessels  in  their  vicinity. 

These  separating  strata  appear  successively  and  roughly  regularly  in 
those  regions  that  are  furthest  away  from. the  leaf,  toward  its  base.  The 
detachment  of  the  different  parts  of  the  leaf  follows  the  same  progression. 
Sometimes,  however,  as  a  result  of  an  oabrupt  fall  of  a  secondary  petiole 
or  the  primaiy  petiole,  these  organs  take  with  them  all  or  a  part  of  their 
appendixes. 

The  scars  resulting  from  the  fall  of  the  folioles  and  the  secondary 
petioles  are  slightly  concave;  they  result  from  the  fall  of  the  intemodes 
of  the  secondary  petioles  and  those  of  the  primary  petiole;  they  are  deeply 
cut  in  the  form  of  a  groove  running  along  the  plane  of  symmetry  of  these 
organs. 


Below  these  different  scars  and  especially  below  those  of  the  folioles, 
we  sometimes  can  observe  the  formation  of  a  scar  stratum  which  may  be  ligno- 
suberous  or  simply  lignified. 

At  the  level  of  the  disarticulation  of  the  folioles,  the  secondary 
petioles,  and  the  primary  petioles  and  before  their  fall,  the  secretory 


-  132 


canals  are  plugged,  as  in  the  case  of  those  at  the  base  of  the  leaves,  by 
the  gummy  lignin  which,  likewise,  is  deposited  especially  above  the  separa¬ 
ting  stratum. 

Robinia  Pseudo-Acacia  L. 


Like  those  of  some  of  the  preceding  species,  the  foliole  of  R.  Pseudo- 
Acacia  has  at  its  base  an  articulation  at  whose  level  the  separating  stratum 
is  established.  The  crystals  of  calcium  oxalate,  which  are  very  numerous  in 
the  rest  of  the  secondary  petiole  and  the  primary  petiole,  are  missing  at 
the  level  of  these  articulations. 

No  lignified  stratum  is  differentiated  above  the  separating  strata; 
often;  however,  a  few  thalli  penetrate  into  the  vessels  in  their  vicinity  and 
before  the  folioles  fall.  The  latter  generally  fall  all  together  before  the 
petiole.  After  their  fall,  the  wound  nay  be  cicatrized  by  a  rather  thin 
ligno-suberous  lamina  which  sometimes  completely  grows  across  the  pulvinus 
but  which  more  frequently  is  formed  only  in  its  internal  cortical  parenchyma.  . 
Moreover  we  can  sometimes  note  the  deposit  of  gummy  lignin  in  the  vessels 
below  the  wound. 

Robinia  Hisoida  L. 

The  articulation  of  the  foliole  of  this  P.obinia  is  similar  to  that  of 
Robinia  Pseudo-Acacia;  the  circular  groove  here  is  however  less  accentuated. 

In  this  species  the  cicatrization,  after  the  fall  of  the  folioles,  is 
rarer  than  in  the  preceding  species;  it  is  also  less  pronounced  and  it  is  • 
most  often  tied  in  with  the  formation  of  the  lignified  strata.  Here  we  still 
have  some  thalli  at  the  moment  the  foliole  falls  and  the  gummy  lignin  likewise 
generally  manages  to  block  the  vessels  in  the  vicinity  of  the  scar. 

Amorriha  Pruticosa  L. 

The  seoarating  stratum  is  differentiated  in  this  species  likewise  at 
the  level  of  a  joint  in  the  base  of  the  foliole.  The  lignification  above 
it  is  very  slight.  The  majority  of  the  wounds  produced,  by  the  fall  of  the 
folioles  does  not  involve  any  cicatrization.  I  observed  a  thin  ligno-suber¬ 
ous  stratum  only  in  a  small  number. 

Aesculus  Hionocastanum  L.  and  Ae.  Parviflora  halh. 

In  both  of  these  species  with  their  palm-shaped  leaves,  the  changes 
which  occur  at  the  base  of  the  folioles  are  the  same  as  those  that  occur  at 
the  base  of  the  folioles  of  Amorpha  fruticosa.  The  cicatrization  here  is 
likewise  very  reduced  and  rather  infrequent, 

Cladrastris  Tinctoria  Raf. 

As  in  the  two  preceding  species,  C.  tinctoria  recalls  Amorpha  fruti- 
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cosa.  We  might  note,  nowever,  that,  in  general,  the  terminal  foliole  does 
not  fall  although  it  is  equipped,  like  the  others,  with  a  basilar  separa¬ 
ting  stratum;  as  the  petiole  falls,  it  takes  the  foliole  along  with  it, 

Staphylea  Trifoliata  L, 

The  separating  stratum  here  ic  differentiated  at  the  base  of  the  fol- 
ioles;  as  in  the  case  of  the  leaf,  it  is  made  up  of  one  or  two  rows  of  cells 
which  have  earlier  split  two  tc  four  uimes.  The  subcicatricial  lignified 
.  strata  are  quite  thick  here.  However,  although  the  three  folioles  fall  quite 
some  time  before  the  petiole,  oher©  is  generally  no  cicatrization  below  the 
wound. 


Sophora  Japonica  L. 

The  detachment  of  the  folioles  oi_S.  japcnica  occurs  at  the  level  of 
an  articulation  in  their  small  petiole  ]_  leaflet  petiole_J.  Contrary  to 
what  happens  when  the  leaves  of  the  same  species  fall,  tne  formation  of  the 
separating  stratum  for  the  foliole  is  not  preceded  by  a  cell  subdivision. 
Ordinarily  we  do  not  have  any  wound  cicatrization  below  it. 

Koelreuteria  Panieulata  Larak. 


The  separating  stratum  of  the  foliole  is  of  meristematic  origin.,  like 
that  of  the  leaf;  however,  the  subdivisions  here  are  less  numerous;  ordinarily 
there  is  only  one  par  cell. 

In. the  base  of  the  folioles  we  have  numerous  thaili  developing  inside 
the  vessels,  before  the  folioles  fall.  Wound  cicatrization  is  rare  in  the 
pulvinus.  Although  the  separating  stratum  may  be  well  constituted  at  the 
base  of  all  of  the  folioles,  the  latter  do  not  always  fall  before  the  petiole 
and  often  they  are  taken  along  by  the  latter,  at  least  those  from  the  top. 

Ptelea  Trifoliata  L. 

The  separating  stratum  of  the  foliole  in  this  species  is  made  up  of 
two  or  three  successive  subdivisions  of  one  cell  layer,  as  in  the  case  of  the 
leaf. 


All  three  leaves  fall  a  short  time  before  the  petiole  so  that  the  ci¬ 
catrization  of  the  wourd  is  not  at  all  frequent.  Sometimes,  however,  I  was 
able  to  find  lignified  strata  below  the  wound. 

Gleditschia  Triacanthos  L,  var.  inermis 

The  big  leaves  of  this  species  are  made  up  of  two  stages;  the  small¬ 
est  ones  are  made  up  of  only  one  sometimes. 

The  fall  of  the  folioles  and  of  the  secondary  petioles  occurs  in  the 
same  fashion.  The  separating  stratum  here  is  never  of  meristematic  origin; 
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it  is  established  at  the  level  of  an  articulation  marked  by  a  circular  grev/a 
which  is  not  deep  and  which  is  found  on  thi  folioles;  ft  may  bo  quite  ac-c^. 
tuated  but  it  exists  only  on  the  inside  face  of  the  organ  in  the  case  of  the 
secondary  petioles. 

When  the  leaf  falls,  a  more  or  less  r  rge  number  of  its  secondary 
petioles  are  very  often  still  attached  *co  primary  petiole  cud  ev...  core 
frequently  they  may  still  be  provided  wish  bare  folioles.  I  u„ver  enccu..t_:s 
any  trace  of  cicatrization  in  the  foiiolo  pulvini. 

Inside  the  vessels  at  the  base  of  the  folioles  we  cannot  see  anything 
that  would  remind  us  of  the  considerable  deposit  of  gumny  lignin  which  we 
encountered  earlier  at  the  base  of  the  leaves  of  the  same  species,  before 
their  fall. 

To coma  Radicans  L,  p.  sp. 

The  separating  stratum  at  the  base  of  the  folioles  of  T.  radicans  is 
made  up  —  like  that  of  the  base  of  the  leaf  —  by  a  layer  of  cells  which 
have  split  earlier  three  or  four  times.  Above  it  we  have  a  rather  thin  sub- 
cicatricial  lignified  stratum.  Below  the  wound  we  generally  do  not  note  any 
cicatrization. 

As  in  the  case  of  some  of  the  preceding  species,  a  separating  stratum 
develops  here  across  the  nodes  of  the  petiole;  this  separating  stratum  is 
constituted  by  the  subdivision  of  a  cell  layer;  however,  only  those  at  the 
top  are  completely  traversed,  so  that  only  the  last  intemodes  are  disarticu¬ 
lated  . 


Fraxinus  Ornus  L.  and  F.  Juglandifolla  Lank. 


In  these  two  species  we  still  have  a  separating  stratum  at  the  base 
of  all  of  the  folioles  but  the  latter  do  not  begin  to  fall  until  a  short  time 
before  the  leaf  and  many  of  them  are  taken  down  with  the  leaf. 

As  in  the  case  of  Tecoma  radicans,  we  have  separating  strata  also  form¬ 
ing  in  the  nodes  of  the  petiole,  especially  in  those  that  are  closest  to  the 
top  of  the  leaf;  but  these  strata  only  grow  across  the  cortical  parenchyma; 
they  avoid  the  bundles  and  even  the  medullary  parenchyma  although  the  latter 
may  remain  cellulosic  at  that  level.  This  means  that  the  separating  detach¬ 
ment  occurs  only  in  the  outside  tissues  and  that  the  petiole  of  these  Fraxi¬ 
nus  is  never  completely  disarticulated, 

Ailanthus  Glandulosa  Desf. 


The  folioles  of  A.  glandulosa  fall  like  those  of  the  earlier  Fraxinus; 
in  this  ca-c  wo  very  often  find  numerous  thalii  in  the  large  vessels  before 
their  detachment.  In  some  cases  we  even  observe  the  formation  of  a  cicatri¬ 
zation  stratum,  under  the  wound;  the  differentiation  of  this  stratum  does 
not  go  beyond  the  state  of  the  lignified  strata. 
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Negundo  Fraxinifolium  Nutt. 

Negundo  reminds  us  of  Ailanthus  glandulosa  but  the  number  of  folioles 
which  do  not  fall  here  —  despite  the  presence  of  their  separating  stratum 

—  is  greater. 

We  must  also  note  that  the  articulated  laticiferous  organs  of  tho  fc.v  t 
of  the  vessels  are  often  subdivided  here  at  the  level  where  the  foliole  r:  L. 
become  detached  and  in  the  small  subjacent  pulvinus;  in  this  respect  they 
recall  what  happens  at  the  base  of  the  leaf  before  defoliation. 

Rhus  Coriaria  1. 

A  short  time  before  the  leaf  falls  we  can  obser re  a  separating  stratum 
at  the  base  of  each  of  the  folioles  of  R.  Coriaria  and,  above  it,  vie  can  ob¬ 
serve  a  lignified  stratum  consisting  of  four  to  five  layers.  More  than  in 
Negundo,  the  foliole  separating  strata  here  ordinarily  do  not  function  before 
those  of  the  leaf  so  that  the  leaf,  in  falling,  takes  along  a  larger  number 
or  perhaps  even  all  of  its  folioles.  There  is  no  trace  of  cicatrization  be¬ 
low  the  separating  strata. 

At  the  base  of  each  of  the  folioles  the  secretory  canals,  which  are 
located  in  the  bast,  are  —  sometime  before  the  fall  of  the  organ,  like  those 
at  the  base  of  the  leaf' —  plugged  by  thalli  which  form  epithelial  cells, 
proliferating  on  their  inside.  Similarly,  likewise,  these  thalli  are  produced 
not  only  below  the  separating  stratum  but  also  and  above  all  above  it,  up  to 
a  certain  distance  into  the  secondary  petiole. 


Summary  of  Part  II 


Fall  of  Folioles 

The  fall  of  the  folioles  of  a  compos! t  leaf  is  brought  about  by  the 
establishment,  in  their  base,  of  a  separating  stratum  similar  to  the  one 
■which  we  find  at  the  base  of  the  leaf  but  in  which  the  meri stems sic  subdivi¬ 
sion,  when  it  does  exist,  is  less  active. 

The  majority  of  the  folioles  have  an  articulation  marked  by  a  circular 
groove  at  whose  level  the  cells  of  the  cortical  parenchyma  gradually  become 
smaller;  this  occurs  even  in  those  species  where  the  leaf  does  not  have  such 
an  articulation.  The  separating  stratum  is  established  in  this  tissue. 

The  mechanism  of  folioie  detachment  is  the  same  as  that  of  leaf  detach¬ 
ment. 


The  separating  stratum  is  differentiated  at  the  base  of  the  folioles 
ordinarily  a  short  time  before  that  of  the  leaf.  However,  the  folioles  are 
not  always  detached  at  the  moment  of  defoliation  and  the  leaf  ray  then  take 
a  more  or  less  large  number  of  these  folioles  along  with  it  as  it  falls  (Koel- 
rsuteria  panicuiata,  Rhus  Coriaria,  Negundo  fraxinifolium,  etc.). 

In  the  species  whose  leaves  are  composed  of  two  stages  (Gymnocladus 
canadensis,  Gleditschia  triacanthos,  Aralia  spinosa),  the  secondary  petioles 
are  detached  in  the  same  fashion  as  the  folioles  and  their  fall  occurs  quite 
regularly,  after  that  of  the  latter  and  before  that  of  the  primary  petiole. 

Subcicatricial  I dignified  Strata 


In  the  majority  of  cases  we  get  a  lignification  —  above  the  separa¬ 
ting  stratum  —  of  the  neighboring  tissues  which  is  comparabl*  to  the  ligni¬ 
fication  which  we  described  earlier,  in  the  base  of  the  leaves. 


Cicatrization  of  Wound 


It  is  wrong  to  say  —  as  has  been  done  to  this  very  day  —  that  the 
wound  left  by  the  fall  of  the  folioles  is  never  cicatrised.  However,  con¬ 
trary  to  what  we  said  in  the  case  of  the  base  of  many  leaves,  the  scar  tis¬ 
sues  at  the  o-so  of  the  folioles  are  almost  never  differentiated  before  their 
fall.  In  two  species,  only,  among  all  of  those  which  I  studied  (Caragana 
altagana  ana  Calophaca  vclgarica),  do  we  have  a  cicatricial  lignified  stratum 
—  even  before  that  ti  %  —  similar  to  the  one  which  we  encounter  in  the 
base  of  the  leaves  in  these  same  species. 

The  scar  strata  which  nay  differentiate  after  the  fall  of  the  folioles 
arc  clway  quite  thin.  They  develop  against  the  rests  of  the  separating 
stratum  and  they  consist  only  of  a  few  layers  which  often  only  lignify  but 
which  may  also  bo  ligno-suberlaed  (Juglvta  nigra,  Gymnocladus  canadensis,  etc.) j 
their  iigno-suberliation  may  often  oven  invade  the  bundles.  In  the  eonevhat 
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norc  complex  but  less  numerous  cases,  we  may  also  have 
suberous  stratum  —  either  very  simply  the  rough  outli 
zone  or  perhaps  even  a  cork;  to  be  sure,  this  cork  is 
it,  likewise,  will  ordinarily  grow  across  the  bundles 
aucuparia,  etc.). 


—  below  this 
ne  of  a  cork  g 
not  at  all  thi 
(Jugians  nigra 


but 

Sorbus 


It  is  not  at  all  rare  to  find  foliole  sc 
tree  and  often  even  on  the  same  leaf  —  which  a 
less  complex  scar  stratum  and  we  may  also  find 
slightest  trace  of  such  a  sera turn. 


ars  —  on-  one  and  the  sa 
re  accompanied  by  a  more 
others  which  do  not  have 


or 

C  **w 


Thalli  develop  frequently  in  the  vessels,  at  the  base  of  the  folioles 
and  before  their  fall,  in  the  same  way  as  at  the  base  of  the  leaves;  they  are, 
however,  less  abundant  (Aralia  spinosa,  Koelreuteria  paniculata,  Jugians 
nigra,  etc.).  Similarly,  a  gummy  lignin  nay  be  deposited  here. 

.'□.though  ordinarily  related  to  the  relative  time  of  foliole  and  leaf 
fall,  the  intensity  of  cicatrization,  at  the  base  of  the  deciduous  folioles, 
nevertheless  does  appear  to  a  certain  extent  to  be  related  to  the  specifica¬ 
tion  because,  in  certain  species,  the  scar  strata  are  very  rare  (Ailanthus 
glandulosa,  Negur.do  fraxinifolium,  Rhus  Coriaria,  etc.),  whereas  in  other 
species,  on  the  other  hand,  they  exist  frequently  (Jugians  nigra,  Sorbus  au¬ 
cuparia,  Gymnocladus  canadensis,  etc). 

Sometimes,  the  articulated  laticiferous  organs  are  subdivided  at  the 
base  of  the  folioles  and  before  their  fall  in  the  same  way  as  at  the  base  of 
the  leaves,  but  this  is  somewhat  rarer  (Negundo  fraxinifolium,  etc.). 

As  in  the  case  of  those  at  the  base  of  the  leaf,  t^e  secretory  canals 
at  the  base  of  the  folioles  of  Aralia  spinosa  are  plugged,  before  their  fall, 
by  gummy  lignin.  Like  those  of  Rhus  Coriaria,  they  are  blocked  by  their 
epithelial  cells  which  are  developed  in  the  form  of  thalli. 

Disarticulation  in  the  Nodes  of  Certain  Petioles 


In  some  species,  whose  folioles  are  opposite,  the  petiole  forms  veri¬ 
table  nodes  at  the  level  of  their  insertion;  there  is  no  hard  bast  in  these 
nodes  and  the  ligneous  and  bast  fibers  are  likewise  missing;  in  these  nodes, 
the  medullary  parenchyma,  lignified  everywhere  else,  has  remained  cellulosic. 

A  separating  stratum  may  be  differentiated  in  autumn  across  these  nodes  and 
above  this  stratum,  the  tissues  may  react  and  form  a  thin  lignified  stratum, 
as  at  the  base  of  the  leaves  and  the  folioles.  In  Aralia  spinosa,  such  a 
separating  stratum  is  established  not  only  in  the  nodes  of  the  primary  petiole 
but  also  in  those  of  the  secondary  petioles.  In  Staphylea  pinnata  it  exists 
in  all  of  the  nodes  of  the  petiole;  the  same  is  true  of  Tecorna  radicans,  but 
it  traverses  completely  only  the  terminal  nodes;  in  Xanthoxylon  fraxineum, 
it  is  produced  only  in  the  latter;  finally,  in  Fraxinus,  it  is  incomplete  in 
all  of  the  nodes. 

Often  these  separating  nodal  strata  prove  capable  of  disarticulating 
the  petioles  a  short  time  before  defoliation;  often,  howeve",  the  leaf  falls 
before  this  disarticulation. 
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General  Discuss! or. 


On  the  basis  of  what  we  have  just  said  we  can  say  that  the  opinion  of 
sore  of  ry  predecessors  —  who  attribute  the  cause  of  the  fall  of  the  leaves 
to  the  development  ox  a  cork  across  the  tissues  of  the  leaf  pulvinus  —  is 
in  error.  This  cork  is  indeed  missing  at  the  moment  of  the  fall  much  rora 
often  than  it  can  be  found,  moreover,  it  is  sometimes  developed  a  very  lens 
tire  before  defoliation,  without  the  leaf  as  a  result  suffering  from  this; 


this  can  be  understood  when  we  realise  that  it  then  does  not  affect  the  bun¬ 
dles  and  does  not  prevent  the  circulation  of  sap  between  the  stem  and  the  leaf 
I  right  add  that  such  a  stem  is  constantly  absent  in  the  base  of  the  folioles 
and  that,  however,  most  of  them  still  fall  in  autumn. 


Defoliation  is  certainly  brought  about  by  nonanatorical  but  rather  by 
physiological  causes.  The  habit  of  deciduousness  in  the  leaves  of  the  cur¬ 
rent  epoch  has  probably  been  developed  under  the  influence  of  periodically 
renewed  conditions,  similar  to  the  development  of  their  life  cycle  during  a 
certain  period  of  time;  their  fall  is  therefore  the  result  of  their  decay 
and  death.  Under  the  influence  of  the  same  environmental  conditions,  th^ 
plant  has  also  adopted  the  habit  of  itself  practicing  the  amputation  of  this 
dead  or  dying  leaf  —  before  winter;  after  all,  this  leaf  will  very  soon  not 
only  become  useless  but  also  harmful  to  it;  it  prepares  itself  here  by  es¬ 
tablishing  a  specialized  stratum  called  a  separting  stratum. 

Our'  research  has  been  almost  exclusively  anatomical  and  we  can  there¬ 
fore  discuss  very  little  on  the  physiological  causes  of  the  fall  of  leaves 
and  our  discussion  will  therefore  deal  mainly  with  the  anatomical  facts  ac¬ 
companying  it. 

Coincidence  of  Position  Existing  Between  Separating  Stratum  and  Articu¬ 
lation  of  Certain  Leaves 


I  shewed  that  the  future  position  of  the  separating  stratum,  in  the 
base  of  the  adult  loaf,  is  orly  rarely  indicated  by  an  articulation  marked 
by  a  small  circular  groove  at  whose  level  we  find  a  stratum  of  more  or  less 
specialized  tissues,  whereas  this  fact  is  much  more  general  in  the  base  of 
tho  folioles.  On  the  other  hand,  the  presence  of  this  articulation,  particu¬ 
larly  at  the  base  of  the  folioles,  coincides  most  of  the  time  with  the  exist¬ 
ence  of  movements  which  have  been  discovered  in  these  organs,  so  that  it 
seems  above  all  to  have  been  established  in  order  to  promote  them  £ the  move¬ 
ments^.  These  findings  have  caused  me  to  think  that  the  establishment  of 
the  separating  stratum  in  the  articulations,  whenever  they  do  exist,  probably 
is  nothing  more  than  a  secondary  peculiarity  of  the  existence  of  the  latter 
£  articulations_7  and  that  —  if  this  establishment  occurs  here  sooner  than 
anywhere  else,  in  autumn  ~  this  is  only  because  the  articulations  consti¬ 
tute  regions  of  lesser  resistance. 

Agents  Involved  in  the  Fall  of  Leaves 

a.  kTe  showed  that  the  triggering  of  the  activity  of  the  separating 
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stratum  and  particularly  the  formation  of  the  dehiscence  surface  were  ac¬ 
companied  by  a  major  longitudinal  growth  of  the  cells  of  the  stratum  and 
that  this  growth  occurred  in  a  certain  way  so  as  to  aid  in  the  fall  of  the 
leaf.  In  reality,  we  sh'  f.d  probably  compare  this  cell  elongation  to  the 
one  that  occurs  frequent,  at  the  expense  of  the  cells  in  the  tissues  irri¬ 
tated  by  a  natural  or  artificial  •  ti  ad  recur.  tr* - 

a  veritable  means  of  :  •  I  r*. .  .u.c 

tun,  however,  the  cell  ..  ‘  ..m.  —  v  so  i ue  *••  •. oipr  ••  c.  ‘ 

pulvinus  and  the  base  oi  -  petac.  ri  -  w  in¬ 

fluence  —  also  trigg-rs  tie  raptv.ro  of  tho  n..„d  elements  (su„ .  ifle  t. 
vessels,  etc.)  which  only  held  the  debri  of  the  leaf  after  the  ft...  ..tic.,  v  , 
the  hehiscenco  surface. 
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oaf,  th;.  ward ,  and  the  frost  also  turn. 


out  to  bo  powerful  agents  in  defoliation. 

b.  The  action  of  the  weight  of  the  l..:f  and  especially  the  action  of 
the  wind,  working  on  a  largo  surface,  are  certainly  vary  powerful.  To  rcalia 
what  is  involved  here  va  n*  i  only  compare,  in  or.w  ... :.  vie  same  species,  c:u 
the  or.c  hand,  the  speed  wit;  which  the  marc-  nt  l.vt  fall  in  the  spring; 
as  wo  hive  seen  earlier,  that  fall  is  ca  by  a  rw/iva;  in  cicatrisation; 
on  the  other  hand,  we  might  look  at  the  slow  speed  with  ..iich  the  valves 
fall;  1  aro  are  likewise  formed  by  a  simile.-  revival  a.,  .1.  tops  of  the  pM_- 
vini  of  the  deciduous  leaves. 


c.  It  seems  pml  dole  that  the  frost  likewise  in  a  strong  factor  in 
the  fall  of  leaves.  But  how  does  it  act?  It  is  probable  that  it  causes 
turgosconco  water  to  freest  in  the  cells  and  that  this  water  —  while  ex¬ 
panding  more  or  less  quickly  under  the  action  of  this  freeze  —  speeds  up 
the  slow  action  of  the  coparting  stratum  and  breaks  the  1:  si  par.’  .tal  re¬ 
sistance  while  keeping  the  leaf  or  the  fol.  -le  in  its  tr.lnion,  following 
the  thaw  caused  by  the  morning  sun,  the  ice  melts  and  tu.  leaf,  which  is  no 


longer  held  by  anything , falls  to  the  „ round 


a  frost,  many  of  us. 


I  an  sure,  have  beer,  able  to  watch  these  organs  being  detached  in  large  num¬ 
bers,  in  the  naming  due  to  the  action  of  the  first  rays  of  the  sun,  while 
the  atmosphere  was  perfectly  calm. 

d.  As  regards  the  valves  (flaps)  duo  to  the  revival  of  cicatrization, 
we  must  add  that  desiccation  is  added  to  the  other  factors.  This  latter  fac¬ 
tor  acts  on  the  heterogeneous  tissue  of  the  valves  and  tends  to  cause  them 
curve  back  more  or  less  upward  and  to  enlarge  the  dehiscence  crack  in  this 
manner. 


On  the  basis  of  a  study  of  the  facts,  I  night  finally  add  that  the 
action  due  to  the  along'  ticn  of  the  cells  in  the  sooaratir '•  stratum,  develops 


only  very  si 
replaced  by  t... 
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.ion  of  the  outside 
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Regardless  of  the  causes  that  bring  about  the  fall  of  the  leaves  and 
the  f olioles  and  the  formation  of  the  separating  stratum,  it  seen  obvious 
to  me  that  the  placo  where  the  dehiscence  surface  is  established  turns  out 
to  be  a  source  of  irritation,  a  wound,  against  which  not  only  the  subjacent 
but  even  more so  the  tissues  above  want  to  react.  In  ay  opinion,  we  have  hers 
the  formation  of  what  Mr.  Bertrand  (Bertrand,  Bug.,  "law  of  Tree  Surfaces, * 
Bull,  de  la  Soc.  bot.  de  France.  Volume  XXXI,  1884,  page  2)  has  called  a 
“free  surface";  it  is  this  surface  which,  above,,  causes  the  formation  of  the 
subcicatricial  lignified  stratum  and,  below,  in  the  pul  vinus,  the  changes  in 
the  primary  tissues  (ligno-suberous  strata)  as  well  as  the  formation  of  the 
secondary  tissues  (scar  corks)  whose  lowest  ones  terminate  the  cicatrisation 
by  plugging  the  window  of  the  caulinary  periderm  opposite  the  leaves.  This 
is  also  the  factor  whose  action  leads  to  the  development  of  the  thalll,  the 
deposit  of  gummy  lignin,  etc.,  in  the  two  directions. 

The  frequent  presence  of  cicatrization  strata  in  the  base  of  the  leaves, 
in  full  activity,  may  seem  to  be  in  contradiction  with  the  opinion  I  have  just 
stated,  to  the  effect  that  it  is  the  wound  which  causes  the  scar  differentia** 
tion.  But  this  peculiarity  of  the  production  of  the  effect  before  the  cause 
is  probably  the  result  of  an  advance  adaptation.  (Here,  for  instance,  we 
might  mention  the  adaptation  which,  in  the  embryo  sac  of  the  Gymnosperms, 
causes  food  substances  to  be  placed  for  the  nutrition  of  the  not  yet  formed 
young  individual}  Although  we  might  admit  that  the  plant,  originally,  de¬ 
veloped  its  defensive  tissues  only  after  the  death  of  the  leaf  and  under  its 
influence,  it  is  easy  to  understand  how  —  gradually  and  from  generation  to 
generation  —  this  plant  could  develop  the  habit  of  forming,  in  advance,  a 
region  of  dehiscence  and  to  prepare  the  cicatrization  even  earlier.  This 
adaptation  could  be  accomplished  especially  easily  since,  on  the  one  hand, 
it  would  be  undeniably  useful  to  the  plant  which  is  already,  at  the  moment 
the  leaf  falls,  isolated  from  the  external  agents  and,  since,  on  the  other 
hand,  the  phenomenon,  under  whose  influence  it  is  produced,  was  periodic. 


icance  of  Marcescence  of 


In  the  case  of  the  marcesoent  leaves  it  seems,  at  first  sight,  that 
it  is  the  dead  leaf  itself  which  becomes  the  stimulating  cause  and  leads  to 
the  formation  of  the  scar  tissues  as  well  as  the  formation  of  the  separating 
stratum.  However,  let  us  keep  in  mind  that  this  particularity  of  maroesoenoa 
occurs  especially  in  late-developed  leaves  which  have  in  some  way  been  sur¬ 
prised  by  the  appearance  of  winter;  let  us  keep  in  mind  that,  furthermore, 
this  particular  feature  is  due  to  the  fact  that  the  customary  separating 
stratum  has  not  had  time  to  develop  or,  at  least,  has  not  had  a  chance  to 
develop  fully;  when  we  keep  these  thoughts  in  mind,  we  are  led  to  think  that 
this  marcescence  in  reality,  in  present-day  leaves,  constitutes  nothing  mors 
than  a  new  phenomenon  grafted  onto  that  of  the  habitual  fall  of  tha  leaves. 


However,  the  marceseenoe  of  present-day  leaves  is  parti 
esting  because  of  the  conditions  under  whicji  the  new Jeparatia 
formed  below  the  usual  level  of  the  first  /”stratum/ #  It 
very  probable  that  the  differentiation  of  this  seeoK  stratum  . 


is  particularly  intar- 
stratum  la  brought 
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about  by  the  plant’s  need  for  getting  rid  of  an  organ  which  has  not  managed 
to  fall  /by  itself/  by  any  normal  processes.  Now,  are  these  conditions,  to 
which  it  owes  its  existence,  not  precisely  the  same  which,  in  the  beginning, 
caused  the  plant  to  develop  the  habit  of  leaf  fall?  Is  it  not  also  because 
the  leaves,  until  now  persistent,  became  the  site  of  accidents  due  to  in¬ 
creasingly  cold  winters,  that  the  plant  has  developed  the  habit  of  cicatriz¬ 
ing  itself  at  their  base  and  then  dropping  them? 

As  far  as  the  revival  of  cicatrization  is  concerned  —  a  cicatrization 
which  is  located  in  tho  pulvini  of  the  deciduous  leaves  of  some  species  — 
we  might  say  that  it  recalls,  anatomically  speaking,  very  much  the  situation 
we  have  in  the  case  of  the  marcescent  leaves,  which  is  one  reason  why  I  was 
tempted  to  separate  them.  But  must  we  admit,  in  this  connection,  that  this 
revival  recalls  an  earlier  marcescence?  Must  we  admit  this  on  the  basis  of 
facts  other  than  the  fact  that  the  revival  of  cicatrization  and  marcescence 
of  leaves  coexist  in  some  species?  I  do  not  think  so  and  I  would  be  tempted 
to  approach  this  phenomenon  from  the  phenomenon  of  the  formation  of  successive 
rhytidomes  /wrinkles/. 

Relationship  Between  Nature  of  Scar  Reaction  and  Time  At  Which  It  Occurs 

The  nature  -if  the  scar  reaction  is  in  proportion  to  the  state  of  vi¬ 
tality  of  the  tissues  at  whose  expense  it  occurs.  Thus  we  see  that  the 
moristematic  subdivision  of  the  primary  tissues  of  the  pulvinus  —  which 
sometimes  precedes  their  transformation  into  a  ligno-suberous  stratum  — 
always  occurs  more  or  less  long  before  the  leaf  falls  and  never  afterward, 
that  is  to  say,  at  a  time  when  the  life  of  the  cells  is  not  yet  slowed  down 
by  the  approach  of  winter.  For  the  same  reason,  the  secondary  cork  appears 
almost  always  either  well  before  defoliation,  if  it  is  a  first-year  cork, 
or  at  the  time  of  the  return  of  vegetation,  if  it  is  a  second-year  cork.  On 
the  other  hand,  the  cicatrization  —  at  the  base  of  the  marcescent  leaves  — 
which  always  occurs  later  than  in  the  pulvini  of  the  deciduous  leaves,  is 
ordinarily  less  developed  than  in  these  latter  cases;  the  later  it  begins, 
the  less  developed  it  will  bo,  that  is  to  say,  assuming  it  begins  at  a  time 
when  the  vegetation  has  already  been  slowed  down  noticeably. 

The  fact  that  the  cicatrization  rarely  occurs  below  the  wounds  left 
by  the  folioles  may  be  attributed  to  the  same  cause  since,  in  effect,  at  the 
time  these  folioles  fall,  the  leaves  themselves  are  getting  ready  to  fall 
and  veiy  often  are  just  about  to  fall,  so  that  there  is  certainly  a  consid¬ 
erable  reduction  in  the  vitality  of  the  petiole  at  that  time.  Moreover  — 
and  this  tends  to  prove  this  point  —  the  scar  reaction  in  the  foliole  pul¬ 
vinus  occurs  in  an  evident  and  tangible  fashion  only  when  the  folioles  fall 
prematurely,  that  is  to  say,  when  they  fall  a  rather  long  time  before  the 
potiolo,  at  a  time  when  the  latter  still  has  enough  of  the  necessary  vital¬ 
ity  to  react  against  the  exoitation  of  the  wound. 

In  order  to  take  place,  ligno-suberous  differentiation  does  not  seem 
roquiro  a  state  of  cell  vitality  as  well  developed  as  the  state  required 


142 


for  the  meristematization  and  formation  of  a  secondary  cork  generating  zone; 
it  may  occur  not  only  rather  late,  after  the  fall  of  the  leaf  or  the  foliole, 
but  it  may  also  turn  out  to  be  the  consequence  of  a  last  effort  of  reaction 
r.iade  by  the  tissue  which  is  just  about  to  die.  I  showed,  in  effect,  that, 
in  the  formation  of  the  ligno-suberous  strata,  lignification  appeared  first 
and  that  it  represents  the  result  of  a  reaction  that  is  still  common  to  all 
tissues;  on  the  other  hand,  the  production  of  the  suberous  film  reveals  all 
of  the  characteristics  of  an  individual  defense  put  up  by  each  of  the  ele¬ 
ments  and  representing  their  last  vital  act.  The  lignin  does  not  remain  lo¬ 
cated  in  the  special  membrane  of  each  of  the  cells;  it  spreads  into  all  of 
the  tissues  and  here  reaches  even  the  walls  of  the  dead  cells,  such  as  those 
of  the  more  or  less  crushed  sieve-like  tubes,  as  well  as  those  of  certain 
latex-bearing  organs  and  certain  crystal-bearing  cells  which  are  devoid  of 
protoplasm;  it  may  exude  in  the  form  of  gummy  lignin,  either  into  the  inter¬ 
cellular  channels  which  it  blocks  or  into  the  ligneous  vessels.  The  suber¬ 
ous  film,  on  the  other  hand,  is  lacking  in  all  of  these  dead  elements,  as 
in  the  ligneous  vessels,  whereas  it  does  develop  in  all  of  the  still  living 
elements  of  the  parenchyma  and  even  in  the  crystal-bearing  cells  or  in  the 
cells  which  are  already  heavily  differentiated,  such  as  certain  sclerites  of 
Kenispermum  canadense;  here  these  elements,  which  still  contain  protoplasm, 
are  still  capable  of  individually  reacting  before  dying.  This  suberous  re¬ 
action  of  the  cells  is  only  rarely  capable  of  producing  a  weak  diffusion  of 
suberin  outside  she  film  into  the  neighboring  parietal  strata;  this  can  barely 
be  observed  only  at  the_base  of  the  ligno-suberous  strata  and,  only  when  these 
strata  develop  early,  Jit  can  be  observed/  a  long  time  before  the  fall  of  the 
leaf. 

Cicatricial  Function  of  Ligno-Suberous  Strata 

I  indicated  that  the  formation  of  a  ligno-suberous  stratum  never  con¬ 
stitutes  a  means  of  definite  cicatrization  for  the  wound;  but  this  stratum 
is  often  the  only  defense  mechanism  which  the  plant  has  during  the  winter 
following  defoliation.  We  might  therefore  ask  ourselves  how  the  plant  is 
protected  during  that  span  of  time.  Here  we  might  first  of  all  consider 
that  the  lignification  of  the  cell  walls  —  by  lending  consistency  to  the 
ligno-suberous  stratum  --  prevents  the  subjacent  tissues  from  being  crushed 
and  crumpled;  but  it  is  obvious  that  it  also  serves,  to  a  considerable  ex¬ 
tent,  for  the  protection  of  these  tissues  against  outside  agents  by  forming 
a  kind  of  impermeable  screen.  In  particular,  it  stops  the  invasion  of  fungi. 
We  know,  in  effect,  that  the  mycelian  filaments  usually  grow  into  Jm  inj  the 
tissues  either  by  circulating  among  the  cells  through  the  channels  or  in  the 
membranes,  or  by  growing  across  the  latter,  penetrating  into  the  cell  cavi¬ 
ties.  How,  at  the  level  of  the  scar  strata,  these  filaments  cannot  circu¬ 
late  through  the  channels  because  these  channels  most  often  are  either  ex¬ 
cessively  reduced  in  size  //diameter^/  or  they  are  frequently  obstructed  by 
gummy  lignin;  from  then  on,  the  lignification  of  the  walls  becomes  the  real 
obstacle  to  the  circulation  of  the  mycelian  filaments  between  the  cells, 
low,  what  about  the  penetration  of  the  fungi  through  the  pits  and  across  the 
cell  cavities?  This  penetration  is  prevented  by  suberin  —  an  excellent 
protective  substance  —  which  accompanies  the  lignin  in  the  ligno-suberous 
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strata  and  which,  although  in  a  small  quantity,  is  here  arranged  in  the  form 
of  a  film  around  each  cell  so  as  to  isolate  and  protect  its  cavity. 

As  further  confirmation  of  what  I  have  just  said  about  the  scar  func¬ 
tion  of  the  ligno-suberous  strata  with  respect  to  the  invasion  by  fungi,  I 
might  also  point  out  that  the  sacrificed  parenchyma,  which  often  separates 
the  strata  of  the  surface  of  the  wound,  is  frequently  invaded  by  an  abundant 
mycel.  i.iis  mycelium,  however,  never  penetrates  into  the  subjacent  ligno- 
suberous  tissue. 

The  same  qualities  of  impermeability  of  the  ligno-suberous  lamina  very 
probably  permit  them  to  prevent  also  the  loss  of  interior  liquids. 

Deeoer  Cicatrization  of  Tissues  in  Bundles 

In  connection  with  the  cicatrization  of  the  leaf  bundles  I  said  that 
the  ligno-suberization  descends  further  down  in  their  interior  than  in  the 
neighboring  parenchyma. 

This  deeper  penetration  of  ligno-suberization  into  the  bundles  prob¬ 
ably,  on  the  one  hand,  comes  from  the  fact  that  their  elements,  very  much 
elongated  longitudinally,  enable  the  excitation  due  to  the  wound  to  be  propa¬ 
gated  further°along;  on  the  other  hand,  it  probably  comes  from  the  fact  that 
this  excitation  /_  stimulation./  is  exerted  over  a  longer  period  of  time  since 
the  bundle  tissues  are  always  those  in  which  the  ligno-suberization  contin¬ 
ues  to  develop  most  slowly  and  most  belatedly. 

This  extension  of  the  ligno-suberous  lamina  inside  the  bundles  ex¬ 
plains  the  sometimes  very  pronounced  curve  which  the  scar  cork  describes  at 
that  point  toward  the  stem.  Its  generating  zone,  in  effect,  can  develop  only 
in  living  elements;  it  is,  from  that  point  onward,  forced  to  perform  a  down¬ 
ward  movement  in  going  around  the  ligno-suberous  region  of  the  bundles  whose 
elements  are  dead. 

Conditions  Under  Which  Thalli  and  Gummy  Lignin  Appear 

I  explained  earlier  that  the  exudation  of  gummy  lignin,  through  the 
cells  of  the  scar  tissues,  turns  out  to  be  one  of  the  results  of  the  collec¬ 
tive  defense  of  these  tissues  through  lignification.  I  must,  however,  also 
point  out  that  this  gummy  lignin  seems  to  be  deposited  particularly  in  spe¬ 
cial  places  of  excitation;  for  example,  in  the  vessels,  in  certain  glandular 
cant?  *>,  in  the  intercellular  channels,  etc.  In  addition,  we  must  note  that 
tne  tiialli  develop  in  the  same  regions  of  the  vessels  and  of  the  glandular 
canals  and  that  they  do  so  before  the  appearance  of  lignin.  We  might  there¬ 
fore  say  that  gummy  lignin  is  deposited  in  openings  established  across  the 
cicatrization  tissues,  at  a  point  where  the  proliferation  of  the  border  cells 
does  not  manage  to  fill  them  up,  that  is  to  say,  it  does  not  manage  to  block 
them  completely. 

It  seems  quite  obvious  that  the  formation  of  thalli  and  the  production 
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of  wound  lignin  are  due  to  the  slowdown  in  the  vital  activity  cf  the  leaf 
and  the  excitation  of  the  separating  stratum.  However,  if  we  remember  that 
the  production  of  these  substances  may  also  oe  encountered  in  the  tissues 
of  the  petiole  and  of  the  pulvinus  up  to  a  distance  from  the  separating  stra¬ 
tum  which  is  considerably  greater  than  in  the  case  of  the  other  scar  tissues, 
we  must  admit  that  the  holes,  in  which  they  are  formed  act  rather  in  the 
manner  of  folds  of  the  exciting  surface  which  would  penetrate  into  the  in¬ 
terior  of  the  tissues  of  the  petiole  and  those  of  the  pulvinus;  or,  in  othor 
words,  we  might  say  that  the  cavity  of  these  holes  oermits  the  transmission 
of  excitation  over  a  greater  distance  along  /~from_/  the  separating  stratum 
than  the  neighboring  tissues  would  permit. 

Physiological  Significance  of  Subcicatric.ial  Lignified  Stratum 

In  the  phenomenon  of  leaf  fall,  the  role  of  the  changes  which  we  have 
just  pointed  out  (development  of  thalli,  gummy  lignin,  formation  of  succes¬ 
sive  scar  strata  )  is  quite  clear:  it  is  to  protect  the  plant  against  the 
consequences  of  defoliation. 

The  same,  however,  cannot  be  true  for  lignif icati on  which  often  occurs 
in  the  tissues  above  the  separating  stratum;  this  lignif ication.  is  oppressed 
by  the  establishment  of  the  subcicatricial  lignified  stratum.  This  stratum, 
in  effect,  disappears  upon  defoliation  since  it  is  involved  in  the  fall  of 
the  organ  at  whose  base  it  has  developed.  Is  it,  then,  of  some  use  or  any 
use  whatever  to  the  plant?  What  is  its  significance? 

We  might  ask  ourselves,  first  of  all,  whether  its  presence,  at  the 
base  of  the  petiole  and  the  folioles,  might  not  help  to  speed  up  the  decay 
and  subsequent  fall  of  these  organs.  Well,  I  do  not  think  so  because,  in 
addition  to  the  fact  that  it  is  generally  more  or  less  thin,  it  usually  avoids 
the  bast-ligneous  bundles,  that  is  to  say,  it  does  not  in  any  way  interfere 
with  the  circulation  of  the  sap.  This  is  even  more  likely  to  be  the  case 
since,  as  we  showed  earlier,  we  have  scar  strata  which  are  much  better  insu¬ 
lating  agents  than  this  particular  stratum,  without  the  leaf  suffering  as  a 
result;  these  scar  strata  often  exist  almost  immediately  below  this  lignifi- 
cation  stratum,  in  the  pulvinus,  and  a  long  time  before  defoliation.  I 
might  also  add  that  a  similar  lignified  stratum  may  develop,  not  only  above 
the  separating  stratum  formed  in  autumn  in  the  base  of  the  leaves  and  the 
folioles,  as  well  as  in  the  internodes  of  certain  composite  petioles,  but 
also  above  the  separating  strata  which  produce  flaps  in  the  case  of  revival 
of  cicatrization,  that  is  to  say,  under  conditions  when  the  above  assumption 
is  no  longer  admissable. 

Nor  do  I  think  that  the  establishment  of  the  lignified  stratum  is  the 
result  of  a  reverse  reaction.  I  showed,  in  effect,  that  —  by  way  of  prepa¬ 
ration  of  the  defense  required  in  response  to  the  coming  fall  of  the  leaf  — 
the  pulvinus  is  the  site  of  great  vital  activity  whose  upper  portion  is  in¬ 
dicated  by  the  separating  stratum  at  the  same  time  that  it  also  represents 
maximum  intensity  here;  we  furthermore  know  that  an  organ,  whose  vital  ac- 
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tivity  is,  on  the  contrary,  in  the  process  of  diminishing, begins  immediately 
above  the  separating  stratum.  In  the  upper  region  of  the  separating  stratum 
we  thus  have  a  boundary  between  two  tissues  with  very  different  activities; 
in  other  words  —  as  I  indicated  earlier  —  we  have  a  free  surface,  such  as 
Mr.  2ug.  Bertrand  sees  it  (loc.  cit.).  On  either  side  of  this  free  surface, 
the  tissues  react  because  of  their  vitality;  I  showed  earlier  how  vigorous 
the  reaction  is  here,  below  this  surface,  in  the  pulvinus..  Above  it,  l he 
vitality  of  the  tissues  of  the  petiole  is  greatly  reduced  and  the  reaction 
is  much  less.  Here  it  suffices  only  to  produce  the  general,  lignification  of 
a  stratum  of  tissues  sometimes  preceded  by  mer?  etematization;  it  is,  however, 
inadoquate  to  bring  about  the  individual  suberization  of  its  cells  and,  even 
moreso,  the  formation  of  the  secondary  tissues.  If  we  use  the  nomenclature 
proposed  by  Mr.  Lignier  (Lignier,  0.,  "Contribution  to  the  Nomenclature  of 
Secondary  Tissues, 11  Bull,  de  la  Soc.  Linn,  de  Normandie.  4th  Series,  Volume  IX, 
1S95,  page  40),  then  the  subcicatricial  strata  in  the  petiole  are  strata  that 
have  been  "epicinicized"  J^so&sonedJ  at  the  same  rate  as  the  scar  strata  in 
the  pulvinus  and  they  differ  only  in  the  intensity  of  the  .  reaction. 

lie  must  furthermore  note  that,  in  the  base  of  the  leaf,  the  subcica¬ 
tricial  epicinization  is  much  less  than  the  one  formed  below  the  scar;  this 
is  easily  explained  by  the  excessive  difference  in  the  vitality  of  the  react¬ 
ing  tissues;  in  some  cases,  however,  it  may  be  greater  than  it.  This,  then, 
is  the  situation  at  the  base  of  certain  folioles  and  even  moreso  in  the  pe¬ 
tiole  nodes,  probably  because  the  vitality  of  the  chlorophyll  region  is  ca¬ 
pable  of  lasting  longer  than  that  of  the  petiole  regions. 

In  sutroort  of  this  opinion  on  the  physiological  significance  of  the 
subcicatricial  lignified  stratum,  I  might  add  that  the  symmetry  of  the  epi- 
cinizing  reactions  on  either  side  of  the  free  surface  (dehiscence  surface)  is 
furthermore  manifested  by  the  following  facts:  at  the  lower  end  of  the 
petiole,  which  is  in  the  process  of  becoming  detached,  we  have  a  variable 
stratum  of  cells  that  are  physiological  similar  to  those  of  which  the  sepa¬ 
rating  stratum  at  the  tip  of  the  pulvims  is  made  up;  the  vessels  and  gland 
canals  in  the  base  of  the  petioles  and  the  folioles  here  are  blocked  by 
thalli  and  sometimes  even  by  the  gummy  lignin,  like  those  in  the  pulvinus; 
theso  latter  reaction  manifestations  sometimes  occur  with  even  greater  in¬ 
tensity  above  than  below  the  dehiscence  surface. 

Our  opinion  here  is  further  supported  by  what  happens  in  the  ease  of 
Cotoneastor  noianocarpa.  Here  we  might  remember  that,  in  this  particular 
species,  wo  may  have  one  or  two  separation  revival  strata  which  •'re  more  or 
loss  complete  and  which  can  grow  here  successively  in  tlie  pulvinus,  below 
tho  primary  scar  lamina;  now,  each  of  them  is  topped  by  a  lignified  stratum 
although  thoy  are  very  close  to  each  other. 

Finally,  I  night  say  the  following  to  anyone  who  wcuM  object  to  my 
explanation  of  the  uselessness  of  this  subcicatricial  epicinization  as  far 
who  plant  i-  concerned  (although,  of  course,  I  do  admit  this  uselessness): 
whas  is  not  tho  only  case  where  we  can  observe  the  development  of  a  tissue 
that  is  obviously  useless  to  the  plant.  In  effect,  the  soar  strata  which 
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sometimes  develop  below  the  wounds  left  by  the  folioles  are  no  good  to  the 
plant  and  help  only  the  petiole;  but  even  their  usefulness  to  the  petiole  is 
debatable  since  the  petiole  falls  very  soon  after  the  foliole. 


Conclusions 


We  can  arrive  at  the  following  conclusions  on  the  basis  of  the  obser¬ 
vations  which  I  have  reported  on  here  and  which  I  made  on  roughly  a  hundred 
species  of  dicotyledons  with  deciduous  or  narcescent  leaves,  as  well  as  on 
the  basis  of  the  discussion  and  interpretation  of  the  facts  recorded. 

The  impending  death  of  the  leaf  brings  about  certain  Anatomical  chan¬ 
ges  in  its  base  which  often  appear  before  the  visible  symptsms  of  tnis  doath. 
Those  jTchangesJf  are  the  formation  of  a  separating  stratum  end  the  differ¬ 
entiation  of  the  cicatrization  tissues.  One  or  she  other  of  these  two  types 
of  changes  occurs  in  all  cases. 

Detachment  of  Leaf 

Separating  Stratum 

The  separating  stratum  is  the  place  where  the  leaf  dehiscence  surface 
is  formed  during  defoliation.  It  develops  not  far  from  the  base  of  the  organ, 
above  its  axillary  angle,  and  it  is  always  characterized  a  short  time  before 
the  leaf  falls. 

In  leaves  which  have  an  articulation  at  their  base,  an  articulation 
at  whose  level  the  tissues  are  more  or  less  specialized  and  offer  less  re¬ 
sistance,  the  separating  stratum  is  located  in  this  articulation. 

The  separating  stratum  almost  always  involves  several  cell  layers  al¬ 
though  sometimes  it  consists  of  only  one.  The  layers  constituting  it  are 
either  of  primary  origin,  that  is  to  say,  they  do  not  have  any  prior  subdi¬ 
visions,  or  they  are  of  meristematic  origin.  The  dead  cells  or  the  too 
heavily  specialized  cells,  such  as  the  ligneous  vessels,  the  sieve-like  tubes, 
tha  crystal-bearing  cells,  etc.,  are  not  involved  in  its  formation. 

Dehiscence  of  Leaf 


The  dehiscence  of  the  leaf  may  occur  according  to  one  of  the  follow¬ 
ing  two  distinct  processes. 

1 .  When  the  separating  stratum  consists  of  only  one  layer,  ve  can 
observe  the  elongation  of  the  cells ‘and  the  consecutive  thinning  of  the  walls; 
after  this  comes  the  dehiscence  as  a  result  of  the  rupture  of  these  thinned 
walls. 


2.  when  the  separating  stratum  oonsists  of  several  layers,  that  is 
to  say,  in  the  most  frequent  case,  the  dehiscence  is,  on  the  other  hand,  the 
r  a  suit  of  a  separation  or  detachment  vhioh  develops  between  oertain  cells  of 
this  stratum,  near  its  upper  face. 

In  this  connection,  the  cell  walls  are  transformed,  in  the  entire 
stratum,  into  a  pacto-collulosic  aucilage,  exclusive  of  a  thin  membrane 
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which  directly  limits  the  cell  cavities.  Then  the  mucilage  is  dissolved  in 
such  a  manner  that  the  protoplasm  of  the  c-lls  here  remains  covered  only  by 
this  thin  membrane;  however,  this  last  phase  occurs  only  in  the  region  of 
dehiscence  and,  between  two  of  its  layers,  the  cells  involved  remain  attached, 
at  least  along  one  of  their  sides,  either  to  the  tip  of  the  pulvinus  or  to 
the  base  of  the  petiole. 

The  dead  or  too  heavily  specialized  cells  (ligneous  vessels,  sieve¬ 
like  tubes,  etc.)  are  then  broken  as  a  result  of  the  elongation  —  in  the 
opposite  direction  —  of  the  cells  bordering  on  the  dehiscence  crack,  provi¬ 
ded  they  iiave  not  already  been  broken  by  the  longitudinal  growth  of  the  en¬ 
tire  stratum  which  often  precedes  the  detachment.  This  meohanical  action  is 
furthermore  aided  and  often  entirely  replaced  by  the  mechanical  action  of 
the  weight  of  the  leaf,  the  wind,  and  the  frost. 

Cicatrization 


The  separating  stratum  appears  in  the  base  of  the  leaf  as  a  source  of 
excitation  for  the  neighboring  tissues.  Above  it,  the  elements  of  the  petiole 
react  in  the  majority  of  the  cases  in  the  fashion  of  those  which  are  below, 
in  the  pulvinus,  although  ordinarily  with  a  considerably  smaller  intensity. 
Below,  the  stimulating  action  of  this  separating  stratum  appears  to  occur 
concurrently  with  the  action  due  to  the  impending  death  of  the  leaf  and  it 
seems  to  precede  the  action  which  results  from  the  wound  produced  by  its  de¬ 
hiscence;  the  result  of  these  various  actions  then  leads  to  cicatrization. 

We  might  also  remark  that,  probably  as  a  result  of  progressive  adapta¬ 
tion,  this  cicatrized  on  in  many  species  begins  to  develop  more  or  less 
shortly  before  the  apparent  development  of  these  various  stimulating  causes. 

Tha  size  of  the  scar  strata,  is  generally  in  a  direct  proportion  with 
the  size  of  the  scar,  that  is  to  say,  we  have  thick  scar  tissues  correspond¬ 
ing  to  big  ears. 

Nature  of  Tissues  Produced  bv  Subcicatricial  Reaction 

The  anatomical  peculiarities  which  result  from  the  subcicatriiial  re¬ 
action  of  the  base  of  the  petiole  are  the  very  frequent  formation  of  a  sig¬ 
nified.  stratum,  the  proliferation  of  thalli  in  the  vessels  and  in  the  seore- 
tcry  canals,  the  formation  of  finger-shaped  partitions  in  the  branching  lati- 
ciferous  organs,  the  deposit  of  gummy  lignin,  etc. 

Nature  of  Scar  Tissues  of  Pulvinue 

The  cicatrization  of  the  pulvinus  coeurs  in  different  ways,  depending 
on  tho  nature  of  the  elements  and  of  the  tissues  which  are  involved* 

a.  In  the  parenchymatous  tissues  we  may  have  the  following,  separately 
or  concurrently: 
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A  region  of  primary  meristematization  with  variable  extent  and  posi¬ 
tion,  tha*  is  to  say,  a  region  ir.  which  the  ceils  undergo  more  or  less  i 
sive  and  more  or  less  regular  subdivision. 

A  ligno-suberous  stratus  whose  cells  say  or  say  not  be  the  site  of  a 
primary  meri  stenatization. 

A  sclerous  area,  in  other  words,  an  area  made  up  of  cells  with  very 
thick  and  lignified  wa'ls,  at  the  level  of  the  ligno-suberous  stratus  (only- 
in  Maclura  aurantiaca).  (Let  us  reneaber  here  that,  according  to  Brettfeld 
(loc.  cit.),  these  sclerous  tissues  often  become  involved  in  the  cicatriza¬ 
tion  of  the  leaf  pulvini  of  the  monocotyledons. ) 

A  cicatricial  periderm,  most  frequently  represented  only  by  a  second¬ 
ary  cork,  which,  however,  nay  also  contain  a  no  re  or  less  thick  pbelioderm. 
This  peridem  is  always  deeper  than  the  preceding  scar  tissues;  it  is  never 
absent  and  it  terminates  the  cicatrization. 

b.  In  the  ligneous  ves-els  we  either  have  a  proliferation  of  tha.ll  ~ 
on  their  inside,  or  a  deposit  of  gussy  lignin,  or  both  cf  them  together.  The 
lijr.i:  here  always  turns  out  to  develop  relatively  later  than  the  thalli. 

c.  In  the  sieve-like  tubes,  as  in  certain  dead  or  dying  secreting 
cells  (certain  crystal -bearing  cells,  certain  articulated  laticiferous  cells, 
etc.)  or,  generally,  in  the  dead  elements,  the  remaining  walls  are  probably 
lignified  due  to  tbi  influence  of  the  secretion  from  the  neighboring  elements. 

d.  In  the  same  secreting  elements  —  that  is  to  say,  when  they  are 
still  due  to  a  certain  protoplasm  activity  —  cicatrization  occurs  due  to 
ligno-suberization  of  their  walls. 

e.  In  the  branching  laticiferous  organs,  cicatrization  occurs  through 
the  formation  of  solidified  latex  plugs,  generally  followed  by  the  establish¬ 
ment  of  finger-shaped  partitions. 

f.  In  the  secretory  sacs  through  ligno-suberization  of  the  epithelial 

calls. 

g.  In  the  secretory  canals  due  to  the  formation  of  thalli  at  the  ex¬ 
pense  of  the  epithelial  cells  or  due  to  deposit  of  gurney  lignin  in  their  ca¬ 
vity. 

Description  and  Discussion  of  Significance  of  Scar  Strata 

a.  The  primary  meristematization  is  always  preceded  by  a  recrudescence 
of  protoplasm  activity  and  it  appears  in  the  base  of  the  leaf  as  the  earliest 
means  of  defense. 

b.  The  characterization  of  the  ligno-suberous  stratum  is  marked  by 
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~wo  successive  transformations: 

• .  The  general  lignification  of  the  wails  in  all  the  tissues,  without 
these  wails  having  undergone  any  prior  thickening. 

2.  The  formation,  in  each  cell,  of  a  suberous  fila  which  fills  its 
entire  cavity,  including  those  jfcavitiesJT  of  the  pits  and  which  then  is 
e:;_  massed  in  the  form.  of  discordant  stratification  on  the  preceding  pariotr-1 


Ldgnification  appears  to  be  a  process  of  collective  defense  put  up  by 
the  ceils  of  the  stratum  and  suberisation  appears  to  be  a  process  of  indivi¬ 
dual  defense,  'whenever  the  latter  exists,  it  nore  or  less  rapidly  follows 
the  former  and  constitutes  the  last  vital  act  of  the  ct  The  completely 
characterised  ligno-suberised  cells  are,  in  effect,  dead  tissues. 

Ir.  summary,  despite  the  energy  of  its  cicatricial  action,  ligno-suber- 
izaiior.  constitutes  only  a  transitory  defense  making  it  possible  £~: for  the 
plant 1  to  wait  for  the  intervention  of  definite  cicatrization  through  the 
secondary  cork. 

c.  The  cicatricial  periderm,  which  is  the  cicatrization  tissue  par 
excellence,  develops  in  the  pulvinus  in  various  ways,  depending  on  the  tine 
and  the  place  of  its  appearance  and  also  depending  on  the  mode  of  surface 
cicatrization  of  the  neighboring  regions  in  the  stem. 

If  the  cicatmcial  periderm  is  formed  before  the  caulinary  periderm 
or  well  above  and  at  some  distance  from  it,  it  cevelops  across  all  of  the 
tissues  of  the  pul  virus  :_rd  it  does  not  connect  up  with  it  until  much  later. 
If,  on  the  other  hand,  the  caulinary  periderm  exists  already  before  the  ap¬ 
pearance  of  the  scar  cork  and  if  it  rises  sufficiently  high  in  the  pulvinus, 
then  this  cork  merely  closes  the  opening  which  the  former  presents  in  the 
base  of  the  leaf,  likewise,  in  the  case  where  the  caulinary  periderm  is 
deep  in  the  stem  and  is  wound  around  the  bast-ligneous  bundles  that  come  out 
here,  enveloping  them  like  a  sleeve,  the  cicatricial  periderm  extends  only 
across  these  bundles. 

The  cicatricial  periderm  generating  zone  is  established  in  all  of  the 
parenchymatous  elements  which  it  encounters,  including  the  thaUi  and  even 
the  articulated  laticiferous  organs  in  some  species.  This  periderm  is  capable 
of  breaking,  through  lateral  compression  and  of  blocking  the  ligneous  vessels 
as  well  as  most  of  the  laticiferous  organs;  it  rarely  manages  to  grow  across 
the  hard  tissues  in  the  external  part  of  the  bast  —  in  the  same  fashion, 
that  is  —  when  it  is  located  in  its  way. 

c.  The  thalli  are  particularly  interesting  as  cicatrization  means. 

They  are  formed  either  in  the  ligneous  vessels  at  the  expense  of  the  paren¬ 
chymatous  ceils  which  are  contiguous  to  them  or  in  the  secretory  canals  at 
the  exoense  of  their  eoithelial  cells;  they  serve  primarily  to  fill  up  the 


cavity  of  these  tube-shaped  openings.  Then  they  participate  in  the  forma- 
tion  cf  the  separating  stratum,  in  that  of  the  lignified  strata  and  of  the 
ligno-suberous  strata  and,  while  subdividing,  in  that  of  the  secondary  scar 
cork,  in  the  sane  way  as  the  parenchymatous  tissues  in  the  rest  of  the  organ 
that  is  to  be  cicatrized. 

e.  The  gussy  lignin  is  lignin  which  has  exuded  through  the  neighboring 
cells  into  the  cavity  of  certain  vessels,  certain  secretory  canals,  and  into 
the  cavity  of  some  of  the  intercellular  channels;  it  is  deposited  here  in  a 
variable  quantity;  it  looks  like  a  gummy  and  sometimes  more  or  less  granulated 
mass.  This  substance  blocks  these  cavities. 

f .  Very  often,  we  have  a  zone  of  barely  modified  tissue  above  the 
well-characieri  ed  defense  tissues,  between  them  and  the  wound  stimulating 
surface;  this  barely  modified  zone  is  flattened  at  the  surface  of  the  wound 
and  is  often  invaded  by  fungi.  I  called  this  zone  "sacrificed  parenchyma." 

Cicatrization  Periods 

The  great  variety  which  I  observed  in  the  ways  of  cicatrization  results 
above  all  from  the  time  at  which  the  means  of  cicatrization,  which  we  have 
just  described,  go  into  action. 

luring  the  first  year,  cicatrization  can  occur  only  after  defoliation; 
in  this  case  it  involves  almost  always  only  the  ligno-suberous  stratum. 

If,  on  the  other  hand,  it  develops  before  defoliation,  it  can  then 
either  include  only  the  ligno-su'oerous  stratum  or  only  the  cork;  in  that  case, 
we  ordinarily  do  not  have  any  more  variations  until  the  following  year;  or 
it  may  already  have  the  two  strata  at  the  same  time. 

The  parenchymatous  tissue  of  the  bast-ligneous  bundles  is  in  all  cases 
almost  entirely  avoided  by  cicatrization,  so  long  as  the  leaf  has  not  fallen, 
regardless  cf  the  state  of  the  scar  lamina  in  the  neighboring  tissues.  It  is 
in  turn  invaded  only  after  the  fall,  that  is  to  say,  after  the  cessation  of 
its  coihuicting  functions.  Only  the  ligneous  vessels  my  have  been  earlier 
blocked  either  by  the  thalli  or  by  the  gummy  lignin,  or  by  both  of  them  at 
the  same  time. 

Regardless  of  whether  cicatrization  begins  before  the  leaf  falls  or 
whether  it  begins  only  after  the  leaf  has  fallen,  it  is  never  completed  dur¬ 
ing  the  first  year;  it  is  completed  through  tne  formation  or  termination  of 
the  secondary  cork  only  during  the  second  year. 

Special  Features 

a.  i/hen  the  petiole  has,  at  its  base,  a  swelling  which  covers  the 
axillary  buds,  the  separating  stratum  sometimes  is  established  in  a  way  per¬ 
mitting  the  attachment,  to  the  pulvinus,  of  a  portion  of  this  swelling;  this 
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portion  of  the  strolling  continues  to  protect  the  buds  after  the  leaf  has 
fallen.  It  is  this  portion  which  I  called  “leaf -bud  scale  lamella." 

b.  In  certain  species  we  can  observe  something  which  I  have  called 
the  "revival  of  cicatrization, "  that  is  to  say,  the  first  scar  tissues  are 
removed,  during  the  second  year,  by  a  new  separating  stratum  established 
below  them;  the  final  cicatrization  then  develops  below  the  new  wound. 

c„  The  roarcescence  of  the  leaves  results  from  the  fact  that,  as  a 
result  of  their  belated  development,  the  autumn  separating  stratum  has  not 
had  time  to  develop  completely  here  before  the  winter  or  it  may  not  develop 
at  all.  In  the  pulvinus  of  these  leaves  we  can  also  observe  the  development 
of  a  primary  scar  stratum,  such  as  the  one  we  have  in  the  deciduous  leaves, 
and,  during  the  following  spring,  we  have  a  revival  of  cicatrization  which 
then  causes  defoliation. 

Fall  of  Various  Parts  of  Composite  Leaves 

a.  The  fall  of  the  folioles  and  of  the  secondary  petioles  (bipinna te 
leaves)  occurs  in  the  same  way  as  in  the  case  of  the  leaf  itself.  But  they 
cause  the  cicatrization  of  the  subjacent  pulvini  only  when  they  come  rela¬ 
tively  earlier  than  the  fall  of  the  leaf.  The  cicatrization  thus  produced 
is,  furthermore,  always  less  forceful;  most  often  it  is  accomplished  by  a 
thin  ligno-suoerous  stratum  which,  however,  may,  in  some  cases,  be  accompanied 
by  a  rather  underdeveloped  cork.  We  might  point  out,  furthermore,  that,  at 
the  base  of  these  folioles  and  these  secondary  petioles,  the  subcicatricial 
lignifying  reaction  is  more  frequent  than  the  cicatricial  reaction  of  the 
immediately  subjacent  pulvinus. 

b.  When  the  petioles  of  the  composite  /"complex./  leaves  have  nodal 
swellings,  these  may  be  the  place  where  the  transversal  separating  strata  are 
formed;  these  strata,  by  the  way,  are  similar  to  those  at  the  base  of  the 
leaf  and  of  the  folioles  and  they  sometimes  bring  about  their  disarticulation. 

Although  they  may  sometimes  give  us  some  information  that  would  help 
us  in  specific  or  sometimes  even  generic  determination,  we  can  say  that  de¬ 
foliation  and  cicatrization  generally  cannot  give  us  any  information  that 
would  be  important  in  the  description  of  the  system  involved.  These  are 
purely  Physiological  phenomena  whose  phases  may  resemble  each  other  in  spe¬ 
cies  belonging  to  different  families  and  which,  on  the  other  hand,  may  differ 
within  the  species  or  related  genera. 
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Plate  Caotions 


Legend 

cs  —  separating  stratum 

rs  —  subcicatricial  lignified  stratum 

ss  —  ligno-suberous  stratum 

lie  —  secondary  scar  cork 

zn  ~  scar  cork  generating  zone 

pd  —  stem  periderm 

bo  —  wood 

lm  —  soft  bast 

Is  —  hard  bast 

ep  ~  epiderm 

th  —  thalli 

scl  —  lignified  portion  of  walls 

sub  —  suberous  film 

ce  —  sacrificed  parenchyma 

ter  —  sieve-like  tube 

lig  —  gumay  lignin 

ci  —  leaf  scar 

cif  —  fascicular  navel 

P  —  petiole 

B  —  bud 

C  —  leaf  pulvinus 
Plate  VII 

Fig.  1 .  Aristolochia  Sipho.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  defoliation.  5X.  H  —  lower  limit  of 
ligno-suberous  stratum  which  is  differentiated  after  the  leaf  falls. 

Fig.  2.  Portion  of  a  longitudinal  section  of  Iwse  of  leaf  in  region  of  sep¬ 
arating  stratum:  beginning  of  longitudinal  growth  of  walls  of  layer 
which  will  form  this  stratum.  200X.  m  —  wall  beginning  to  thin  out. 

Fig.  3.  dame  section  as  before  in  more  advanced  state  of  separating  layer, 
short  time  before  rupture  of  its  walls.  200X. 

Fig.  4.  Leaf  scar.  2/3X. 

Fig.  5.  Longitudinal  section  of  a  portion  of  the  ligno-suberous  stratum  of 

cicatrization  in  the  leaf  pulvinus.  32GX.  P<>  —  pit  into  which  pene¬ 
trates  the  suberous  film;  cu  —  cuticle;  cc—  cuticular  strata;  cr  — 
crystal-bearing  cells  (the  crystal  is  dissolved). 

Fig.  6.  Portion  of  transversal  section  of  leaf  bundle  at  level  of  ligno- 

suborous  stratum  of  pulvinus.  140X.  1  —  oast;  bs  —  secondary  wood; 
bp  —  primary  wood;  ter  --  lignified  sieve-like  tube;  th  —  ligno-su- 
borized  thallus;  z  —  ligno-suberized  zone  of  change  ^exchange  tone/. 


Fig.  ?.  Longitudinal  section  in  leaf  pulvinus  showing  mode  of  propagation 
of  scar  cork  across  wood  of  bundles*  140 X.  thp  —  thallus  about  to 
become  involved  in  composition  of  cork. 

Fig.  8.  Diagram  of  longitudinal  section  of  pulvinus  at  end  of  second  year. 
9X. 


Fig.  9.  Anorpha  fruticosa.  Diagram  of  longitudinal  section  in  base  of  pe¬ 
tiole  some  days  before  the  leaf  falls.  9 X. 

Fig.  10.  Portion  of  a  longitudinal  section  of  the  base  of  the  leaf  in  the 
region  of  the  separating  stratum  at  the  moment  the  cell  walls  become 
mucilaginous.  160X.  mu  —  mucilaginous  walls. 

Fig.  11.  Same  separating  stratum  in  more  advanced  state,  at  beginning  of 
partial  dissolution  of  walls.  14CX.  ci  —  portion  of  walls  which 
is  not  dissolved  and  which  continues  to  envelop  the  protoplasm. 

Fig.  12.  Same  separating  stratum  in  even  mere  advanced  phase.  Dehiscence 
has  taken  place  and  border  celxs  begin  to  grow  longitudinally.  140X. 
mu,  ci  —  as  in  preceding  figures. 

Fig.  13*  Leaf  scar.  4X. 

Fig.  14.  Diagram  of  longitudinal  section  of  leaf  pul vinous  at  end  of  first 
year.  9X. 

Fig.  15.  Portion  of  transversal  section  of  leaf  bundle  at  level  of  ligno- 
suberous  stratum  of  pulvinus.  140X.  1  —  bast;  bo  —  wood;  ter  — 
crjsr.cc  and  lignified  sieve-like  tubes;  la  —  groups  of  lignified 
laticiferous  organs;  2  —  ligno-suberized  exchange  zone. 

Fig.  16.  Longitudinal  sections  of  vessels  showing  the  different  ways  in 

which  gummy  lignin  is  deposited  inside  them.  250X.  lga  —  amorphous 
gummy  lignin;  Igg  —  granualr  gummy  lignin. 

Fig.  17.  A  crystal-bearing  cell  of  the  leaf  pulvinus  before  differentiation 
of  ligno-suberous  stratum  (crystal  dissolved).  36OX0  ev  —  envelope 
of  crystal;  es  —  lignified  thickening  of  cell  wall. 

Fig. .18.  Crystal -bearing  cell  taken  from  same  region  as  preceding  one  but 
after  formation  of  ligno-suberous  stratum  (crystal  dissolved).  3&0X. 
ev,  es  —  as  in  preceding  figure;  scl  —  belatedly  lignified  portion 
of  cell  wall;  sub  —  suberous  film;  iig  —  gummy  lignin  deposited  in 
cell  cavity. 

Fig.  19*  Diagram  of  longitudinal  section  of  loaf  pulvinus  at  end  of  second 
year.  9X.  H  —  base  of  first-year  scar  lamina;  s—  lignified  strata. 
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Fig.  20.  Koelreuteria  paniculata.  Leaf  sca^.  2X. 

Plate  VIII 

Fig.  21 .  Koelreuteria  paniculata.  Diagram  of  longitudinal  section  of  base 
of  petiole  several  days  before  the  leaf  falls.  9X. 

Fig.  22.  Portion  of  longitudinal  section  of  petiole  in  region  of  separating 
stratum  before  dehiscence.  80X. 

Fig.  23.  Same  separating  stratum  at  moment  of  dehiscence  inside  it.  120X. 

Fig.  24.  Diagram  of  longitudinal  section  of  leaf  pulvinus  at  end  of  first 
year.  9X. 

Fig.  25.  Portion  of  longitudinal  section  of  leaf  bundle  at  level  of  ligno- 
suberous  cicatrization  stratum.  280X,  lgg  --  granular  gummy  lignin; 
lga  —  amorphous  gummy  lignin;  th  —  ligno-suberized  thalli. 

Fig.  26.  Diagram  of  longitudinal  section  of  leaf  pulvinus  at  end  of  second 
year.  9X. 

Fig.  27.  Paulownia  imperialis.  Portion  of  longitudinal  section  at  base  of 
petiole  several  days  before  leaf  falls,  rm  —  meristematic  region 
of  leaf  pulvinus. 

Fig.  28.  Cells  of  external  cortical  parenchyma  of  pulvinus  at  level  of  ligno- 
suberous  stratum;  intercellular  channels  more  or  less  blocked  by  gummy 
lignin  lig.  150X. 

Fig.  29.  Diospyros  virginiana.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  leaf  falls.  9X. 

Fig.  30.  Portion  of  longitudinal  section  of  adult  leaf  at  level  of  its  ar¬ 
ticulation.  120X.  art  —  articulation  tissue. 

Fig.  31 •  Same  region  as  in  preceding  figure  at  moment  of  dehiscence  of  leaf: 
separating  stratum  is  formed  by  specialized  leaf  articulation  stratum. 

1 20X. 

Fig.  32.  Leaf  scar.  2.5X. 

Fig.  33.  Morus  nigra.  Diagram  of  longitudinal  section  of  base  of  petiole 
several  days  before  leaf  falls.  9X.  la  —  laticiferous  organ;  cl  — 
finger-shaped  partitions. 

Fig.  34.  Portion  of  longitudinal  section  of  base  of  petiole  several  days 
before  leaf  falls.  60X.  la,  cl  —  as  in  preceding  figure. 

Fig.  35.  Leaf  scar.  4X. 
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Fig.  3°»  Diagram  of  longitudinal  section  of  leaf  pulvinus  at  end  of  second 
year.  4x.  ph  —  phelloderm. 

Fig.  37*  Portion  of  longitudinal  section  of  base  of  petiole:  occlusion  of 
laticiferous  organs.  120X.  la  —  laticiferous  organ;  cl  —  finger- 
shaped  partitions. 

Fig.  38.  Beginning  of  cicatrization  of  laticiferous  organ.  250X.  bl  — 
mass  of  modified  latex;  la  —  ordinary  latex. 

Fig.  39*  More  advanced  cicatrization  of  laticiferous  organ.  250X.  cl  — 
finger-shaped  partition  developed  against  mass  of  modified  latex  bl. 

Fig.  40.  Several  special  forms  of  finger-shaped  partitions  in  laticiferous 
organs.  120X. 

Plate  IX 

Fig.  41 .  Aesculus  Hippocastanum.  Diagram  of  longitudinal  section  of  base 
of  petiole  several  days  before  the  leaf  falls.  9X. 

Fig.  42.  Portion  of  longitudinal  section  of  base  of  petiole  several  days 
before  leaf  falls.  40X. 

Fig.  43.  Passage  of  scar  cork  across  ligneous  vessel  of  leaf  bundle,  200X. 
thp  —  thallus  becoming  involved  in  composition  of  cork. 

Fig.  44.  Forsythia  suspensa.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  leaf  falls.  9X. 

Fig.  45.  Portion  of  a  longitudinal  section  of  base  of  petiole  several  days 
before  leaf  fails.  65X. 

Fig.  46.  Leaf  scar.  2.5X. 

Fig.  4?.  Diagram  of  longitudinal  section  of  3 oaf  pulvinus  at  end  of  second 
year.  9X. 

Fig.  48.  Ainus  glutinosa.  Diagram  of  longitudinal  section  of  base  of  petiole 
several  days  before  leaf  falls.  9X.  H  —  lower  limit  of  ligno-suber- 
ous  transformation  of  parenchymatous  elements  of  bundles  after  leaf 
falls. 

Fig.  49.  Portion  of  longitudinal  section  of  base  of  petiole  several  days  be¬ 
fore  leaf  falls.  150X... 

Fig.  50.  Crystal-bearing  cell  inside  ligno-suberous  cicatrization  stratum 
(crystal  dissolved).  300X.  ev  —  envelope  of  crystal. 

Fig.  51 .  Spiraea  opulifolia.  Diagram  of  longitudinal  section  of  base  of 
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petiole  several  days  before  leaf  falls.  9X.  pa  ~  cortical  paren¬ 
chyma;  mp  —  periderm  sleeve  surrounding  leaf  bundles  in  pulvinus. 

Fig.  52.  Diagram  of  transversal  section  of  base  of  leaf  before  defoliation. 
9X.  pa,  mp  —  as  in  preceding  figure. 

Fig.  53 •  Portion  of  longitudinal  section  of  base  of  petiole  in  region  of 
separating  stratum.  100X.  rm  —  meristematic  region  of  pulvinus. 

Fig.  5^*  Diagram  of  longitudinal  section  of  leaf  pulvinus  at  end  of  second 
year.  9X.  pa  —  cortical  parenchyma;  mp  —  periderm  sleeve  of  leaf 
bundles. 


Fig.  55*  Hamamelis  virginiana.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  leaf  falls.  9X.  H  —  lower  limit  of 
ligno-suberous  lamina  which  will  develop  after  the  leaf  falls. 

Fig.  56.  Longitudinal  section  of  ligneous  vessels  of  base  of  petiole  before 
defoliation,  showing  passage  of  a  thallus  (th)  from  one  vessel  to  the 
other.  30dX. 

Fig.  57.  Diagram  of  longitudinal  section  of  leaf  pulvinus  in  spring  of  sec¬ 
ond  year  and  at  moment  of  revival  of  cicatrization.  9X.  K  —  dehis¬ 
cence  crack  produced  inside  separation  revival  stratum  of  cicatriza¬ 
tion  . 


Fig.  53.  Diagram  of  longitudinal  section  of  base  of  petiole  of  marcescent 
leaf  in  spring  of  second  year,  several  days  before  it  falls.  9X. 
cs  —  rough  outline  of  autumn  separating  stratum;  CS2  —  cicatrization 
revival  separating  stratum  at  the  same  time  causing  marcescent  leaf  to 
fall. 

Fig.  59.  Hippophao  rhamnoides.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  leaf  falls.  9X. 

Fig.  60.  Celtis  occidsntalis.  (Idem),  ers  —  crystal-bearing  card  tissue. 

Fig.  61 .  Portion  of  longitudinal  section  of  scar  cork.  350X.  ph  —  hard 

and  crystal-bearing  phellodem;  ev  —  envelope  of  crystals  (the  latter 
have  been  dissolved). 

Plato  X 

Fig.  62.  Paliurus  acuieatus.  Portion  of  longitudinal  section  of  base  of 

petiole  at  level  of  separating  stratum  and  of  secreting  oell  £.  I^OX, 

Pig.  63.  Xanthoxylon  fnxineur..  Diagram  of  longitudinal  section  of  base 
of  petiolo  several  days  before  loaf  falls.  12X. 
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Fig.  64.  Rhus  Cotinus.  (Idem).  1 6X.  ca  —  secretory  canal;  th  —  portion 
of  this  canal  which  is  blocked  by  thalli. 

Fig.  65.  Transversal  section  of  secretory  canal  at  base  of  petiole  a  little 
above  separating  stratum.  140X.  th  —  epithelial  cells  developed 
into  thalli. 

Fig.  66.  Longitudinal  section  of  secretory  canal  in  vicinity  of  base  of 

ligno-suberous  lamina.  140X.  ths  —  ligno-suberous  thalli  at  level 
of  primary  cicatrization  lamina. 

Fig.  67.  Rhus  Coriaria.  Leaf  scar.  2X. 

Fig.  68.  Longitudinal  section  of  secretory  canal  in  region  where  scar  cork 
crosses  it  through  subdivision  of  thalli.  140X. 

Fig.  69.  Negundo  fraxinifolium.  Longitudinal  section  of  file  of  laticifer- 
ous  cells  in  region  where  scar  cork  crosses  it.  160X.  su  —  suberous 
framework  of  cork  cells;  eps  —  lignified  thickening  of  same  cells. 

Fig.  70.  Scar  cork.  2X.  emp  —  impression  of  portion  of  petiole  which 
covered  the  bud  before  the  leaf  fell. 

Fig.  71 «  Sophora  japonica.  Leaf  scar.  2X.  br  —  cortical  pouch  on  which 
portion  of  petiole,  which  covered  bud  before  leaf  fell,  was  supported. 

Fig.  72.  Xenispernum  canadense.  Diagram  of  longitudinal  section  of  base 
of  petiole  several  days  before  leaf  falls.  9X.  Ip  —  prolongation 
of  ligno-suberous  lamina  which  will  form  the  leaf -bud  scale  lamella 
after  leaf  falls. 

Fig.  73.  Diagram  of  section  cf  leaf  pulvinus  at  end  of  first  year.  9X. 

Ip  —  leaf -bud  scale  lamella  protecting  lower  buds  after  leaf  falls. 

Fig.  74.  Leaf  scar.  9X.  Only  the  upper  bud  3  is  in  the  open  air;  the  others 
are  hidden  under  the  scar. 

Fig.  75.  Group  of  sclerites  inside  ligno-suberous  lamina;  two  of  them  have 
an  internal  suberous  film  (sub).  140X. 

Fig.  Platanus  occidentals.  Leaf  scar  almost  completely  surrounding 
axillary  bud.  2.5X. 

Fig.  77.  Fraxinus  Omus.  Portion  of  longitudinal  section  of  phelloderm 
(ph)  formed  by  scar  cork  generating  zone.  140X.  su  —  suberous 
framework  of  cork  cells;  cel  —  cellulosic  thickening  of  same  cells. 

Fig.  ?3.  Acer  campectre.  Crossing  of  a  file  of  laticiferous  cells  (la)  by 
scar  cork.  100X. 
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Fig.  ?9.  Aralia  spinosa.  Transversal  section  of  secretory  canal  at  level 
of  lower  region  of  ligno-suberous  stratum.  100X. 

Fig.  80.  Catalpa  bignonioi'des.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  leaf  falls.  9X. 

Fig.  81.  Leaf  scar.  IX.  em  —  conical  protrusion  formed  by  external  leaf 
bundles. 

Fig.  82.  Robinia  Pseudo-Acacia.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  leaf  falls.  9X.  Ip  —  leaf -bud  scale 
lamella. 

Fig.  83.  Robinia  hispida.  Diagram  of  longitudinal  section  of  leaf  pulvinus 
at  end  of  second  year.  9X.  lie,  —  first-year  scar  cork;  liC2  — 
second-year  scar  cork. 

Fig.  84>.  Gleditschia  triacanthos.  Diagram  of  longitudinal  section  of  base 
of  petiole  several  days  before  leaf  falls.  9X. 

Fig.  85.  Leaf  pulvinus  whose  uooer  portion  hides  the  lowest  axillary  buds. 
3X. 

Plate  XI 


Fig.  86.  Gleditschia  triacanthos.  Diagram  of  longitudinal  section  of  leaf 
pulvinus  at  end  of  second  year.  9X.  lic-j  —  first-year  scar  cork; 
HC2  —  second-year  scar  cork;  s  —  lignified  tissue. 

Fig.  87.  Madura  aurantiaca.  Diagram  of  longitudinal  section  of  base  of 
petioles  several  days  before  leaf  falls,  9X.  s  —  hard  portion  of 
scar  strata. 


Fig.  68.  Portion  of  longitudinal  section  of  external  region  of  petiole  sev¬ 
eral  days  before  leaf  falls.  100X.  s—  hard  portion  of  scar  stratum; 
a  —  isolated  ligno-suberous  cell  at  level  of  this  portion;  la  «— 
branching  laticiferous  organs;  cl  —  finger-shaped  partition. 

Fig.  89.  Ptelea  trifoliata.  Diagram  of  longitudinal  section  of  base  of 

petiole  several  days  before  leaf  falls.  9X.  cp  --  stratum  specialized 
as  separating  stratum  placed  in  prolongation  of  this  original  stratum 
but  inside  of  which  there  is  no  dehiscence. 


Fi^.  90.  Cymnocladus  canadensis.  Diagram  of  longitudinal  section  of  leaf 
nulvinus  at  end.  of  second  year.  3X»  lic^  —  iirst-yoar  scar  cork; 
lico  —  second -year  scar  cork. 
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Potcntilla  freticosa.  Diagram  of  longitudinal  section  of  baco  of 
ioio  sovoral  days  before  loaf  falls.  9X.  r.p  —  periderm  sluevo 
bundlos  in  leaf  pulvinus;  pa  —  cortical  parenchyma;  g,  e*  — 
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limits  of  deposit  of  gumny  lignin  after  leaf  falls. 

Fig.  92.  Calophaca  volgarica.  (Idem). 

Fig.  93*  Diagram  of  transversal  section  of  leaf  pulvinus  in  its  upper  por¬ 
tion,  made  before  leaf  fails,  mp  —  peri--.’.,  sleeve  common  to  the 
three  re-entering  connected  bundles;  fat  —  stipular  bundles  ;  pa  ~ 
cortical  parenclyma;  sc  —  hard  tissue. 

Fig.  9^.  Caragana  aitagana.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  leaf  falls.  9X.  pa  —  cortical  paren¬ 
chyma;  mp  —  periderm  sleeve  of  bundles;  s  —  ligntfied  scar  tissue. 

Fig.  95*  Philadelphia  coronarius.  (Idem),  lr  —leaf -bud  scale  lamella; 
mp  —  periderm  sleeve  of  bundles. 

Fig.  96.  Leaf  scar.  2.pX.  be  —  conical  elevation  of  surface  of  scar  in¬ 
dicating  presence  of  axillary  bud  hidden  below  the  latter. 

Fig.  97.  Chletra  alnifolia.  Diagram  of  longitudinal  section  of  base  of 
petiole  several  days  before  leaf  falls.  9X. 

Fig.  96.  Azalea  sinensis,  (idem). 

Fig.  99.  Portion  of  longitudinal  section  of  base  of  petiole  of  adult  leaf 

at  level  of  its  articulation.  200X.  art  —  specialized  articulation 
stratum  of  petiole  at  expense  of  which  the  autumn  separating  stratum 
is  formed. 

Fig.  100.  Sorous  aucuparia.  Diagram  of  longitudinal  section  of  leaf  pulvi- 
nus  at  tip  of  a  shoot,  around  springtime  of  second  year,  when  the  ci¬ 
catrization  revival  separating  stratum  has  been  established.  9X. 
cs2  —  separation  revival  stratum;  rsc  —  lignified  region  above  this 
stratum. 

Fig.  101 .  Same  diagram  as  preceding  one  but  for  leaf  pulvinus  of  base  of 
snoot*  • 

Fig.  Its.  Cotor.easter  melanocarpa.  Diagram  of  lor.givudinal  section  in  leaf 
pulvinus  from  upper  part  of  shoot,  toward  end  of  second  year,  and  in 
which  tho  cicatrization  revival  has  not  yet  taken  place.  9X.  cs2# 
rsc  —  as  in  the  two  preceding  figures;  ss,  —  new  ligno-suberous 
lamina;  lic^  —  first-year  scar  cork;  iic2w~  second-year  scar  cork. 

Fig.  103.  Carpinus  Betulus.  Portion  of  longitudinal  section  of  leaf  pulvi¬ 
nus  studied  around  middle  of  second  year;  cicatrization  revival  has 
not  yet  taken  place  hero.  120X.  a  —  first  layers  with  delicate  walls 
forced  by  scar  cork  generating  zone;  their  rupture  will  nrogrsssivaly 
lead  to  the  revival  of  cicatrization. 
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